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For 50 Years... Sold the 


THEY’VE HAD TO BE GOOD! 


@ The name FIBRE-METAL stands for highest 
quality... quality preeminent in the field of weld- 
ing... based on broadest experience and continu- 
ing research to produce the kind of equipment 
that gives maximum protection to the welder . 

along with the comfort and “work ability” that 


enable him to produce more work per day. 


FIBRE-METAL HELMETS: First with Fiberglas! 


"OWENS CORNING TRADE MARK 


No. 400-3-C with £1130—Plastic 
Glass Holder 

No. 402-3-C with #1085—Insu- 
lated Steel Glass Holder 


NEW 
“Series 400” Helmets 


The smaller size and light 
weight of the Fibre-Metal 
Series 400 Helmets make 
them ideal for close quar- 
ters. They feature Fibre- 
Metal's superior Fiberglas* 
compression-molded 
shells, Beaded edges for 
strength and safety, Wide 
Range Headsize Adjust- 
ment, New 4-Position Hel- 
met Stop, and provide four 
popular glass holder styles. 
Adjustable friction joints 
hold helmet in any position! 


WORKER SAFETY PAYS DIVIDENDS 


WORLD S LARGEST MANUTA 
QUALITY PRODUCTS FOR 


No. 404-3-C with 71136—Plastic 
Lift-Front Glass Holder 

No. 406-3-C with 71096—Insu- 
lated Dowmetal Lift-Front Glass 
Holder 


HELMET FEATURES: 


LIGHT WEIGHT * EXCEPTIONAL 
STRENGTH * MOISTUREPROOF 
NON-WARPING * HEAT RESIS- 
TANT (SELF EXTINGUISHING) 
EASILY STERILIZED 


OVER 30 TYPES 
TO MEET YOUR NEEDS 


When buying any welding equip 
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METAL product 
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RUGGED, DEPENDABLE OPERATION. 


Powered by a 2 cylinder industrial air 


WELDS ANYWHERE due to its light weight 
and compact design. Two or three wheel 


THE LOW COST “HUSKY BOY”... cooled engine with push button starting, portable mountings available. Can also be 
200 amp. aircooled engine driven eee OF agneto equipped for hand cranking mounted on your truck or trailer 
arc welder, that’s light in weight = 


low in cost designed for easy weld 
ng and u 


s@ in of away from the shop PROFIT in the field, shop or plant 
where elect power 1s not avail 
able. There's always a need for main 
tenance, repair, construction, heating 
and piping installations. A ‘Husky 
Boy’ is your best tool on all types 
of work! 


MODIFIED MULTI-RANGE 
DUAL CONTROL with 5 
main ranges of welding 
heat and 100 steps of volt 
amperage adjustments ir 
each range 


Depend on HOBART 
ELECTRODES 


for faster, cleaner, sounder 
welds. Hobart electrodes give top 
performance because they help you 
@ strike an arc quickly 
@ use less rod per weld 
@ weld faster 
@ lower finishing costs 


You can weld better, faster and ore 
profitably with a HOBART WELDER 


because a Hobart Welder gives you rugged, heavy Space limits us from showing you our complete line, so 
duty construction, long life, trouble-free service and extra simply check the type welder yoo're interested in, and send 
capacity. In addition, you get famous Hobart convenience this page to us with your name and address. You will 
features: modified multi-range dual control and auxiliary promptly receive complete information—without obligation, 
power outlets that let you operate lights and tools showing how you can profit when you choose a Hobart. 
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“CONTRACTORS SPECIAL’ a 250 GAS DRIVE WELDERS with |, 3, or GENERATOR ONLY 200 of 300 amp “BANTAM CHAMP” 750 amp weider 
amp. Gas Drive model thats light 12 KW auxiliary power. 200 to 600 witt Z a? 10 volt DC power out specially designed for light to me 
1 | 4 4 ; let for uilding Your Ow Gas : 
and compact yet has plenty of amp. models for speedy, low cost Engine Welder. Has Hobart Mult) Jium requirements. A popular 
- engine power and a hot, fast welding in the field where electric Range Control. Simply connect it model for all fabrication purposes 
cependable ar¢ power is not available to your power source in the 200 to 250 amp class 
4 


ELECTRIC DRIVE 300 and 400 amp DC RECTIFIER 300 amp Has three TRANSFORMER WELDERS 1/80 to AC POWER-AC WELDER 200 or 300 


welders ideal for production, main Delta connected transformers, one 500 amp. models for shops that amp. Popular for general service 
tenance and repaiw service Con for each phase a magnetic have only single phase power avail welding where power is unavail 
servative rating lets you do heavy line switch overload protection able. These models are liked by able, or for operating tools, lights, 
duty welding for limited periods on both rectifier and transformer Operators because they start fast etc. Available with 2 cylinder ait 
of time plus remote control and hold a stable arc cooled engine and portable mount 


check the welder—tear ings, Of as @ generator only for 


HOBA RT BROTHERS COM PA NY 4 out page and mail to building your own unit 


NAME 
“One of the world’s largest builders of — 
ADDRESS 
orc welders and arc welding equipment 
city STATE 


Box WJ-95, Troy, Ohio, Phone 21223 
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A re and Thermit welders for years 
have looked to Metal & Thermit for the elec- 
trodes, machines, and accessories they need, 
and for the research, engineering data, tech- 
nical assistance, and ordering convenience 
that Metal & Thermit can offer. To the thou- 
sands of welders specifying M&T equip- 


ment, it all adds up to profitable welding. 


You, too, can enjoy the same unsurpassed 
purchasing economy and technical assist- 
ance by which so many others profi. Write 
now or call your M&T man for information 


on your requirements, There s one near you. 


M&T welding products include: 


MUREX ELECTRODES for 
aluminum bronze 
cast iron 
aluminum 


mild steel 
low alloy steel 


stainless steel 
hard surfacing 


M&aT WELDING MACHINES 
D.C. motor generators 


A.C. transformers 
D.C. engine driven 


DC. rectifiers 
Inert arc 


M&aT WELDING ACCESSORIES 
helmets 

lugs 
gloves 


ground clamps 


holders 
cleaning tools 
cable 


THERMIT WELDING 
MATERIALS and ACCESSORIES 
for the fast, low-cost fabrication and repair of 
heavy equipment 
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ectrodes Cost Less, Weld Better 


Makeshift, “home made” welding 
electrodes can cost more than you 
realize. Not only do they take a lot of 
time to contrive, but they seldom 
have the strength, conductivity and 
cooling facilities to give good welds 
and satisfactory life. 


Before you “do it vourself.” take a 
look at what Mallory has to offer, in 
the way of unusual electrode shapes. 
Literally hundreds of single and 
double bend electrodes that vou may 
consider special are standard Mallory 
designs... which we can make 
promptly and economically using 
existing tool facilities. 

Exclusive Mallory cold-forming tech- 
niques shape these bent electrodes 


*Patent Number 2489994 


In Canada, made and sold by Johnson Matthey and Mallory. Lad., 


110 Industry Street 


Toronte 15, Ontario 


Serving Industry with These Products: 


Electrochemical—Coapacitors 


Electromechanical—Resistors + Switches « Television Tuners * Vibrators 


Rectifiers * Mercury Batteries 


Metallurgical — Contacts Special Metals and Ceramics Welding Materials 


For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 


from full hard rod stock, and develop 
high hardness and strength far be- 
yond what can be obtained by con- 
ventional hot forging methods. 
Cooling tubes may be bent in place* 
by a special process, to provide 
water flow as near to the welding 
face as in the case of straight elec- 
trodes. These extra values designed 
into Mallory electrodes assure you 
of long life, long runs between dress- 


ings... more welds per dollar, 


For information on available designs, 
ask your local Mallory Welding Dis- 
tributor for a copy of the latest 
Mallory Welding Catalog, or write 


directly to us. 


MALLORY & CO., 


Expect more...Get more from 


MALLORY 


INDIANAPOLIS 6, INDIANA 
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ONE wide-range 


W-45 BLOWP 


handles EVERY welding 
_and heating job 


NO OTHER SINGLE BLOWPIPE OFFERS 
THIS EXTENSIVE RANGE! 


Anyone whose daily work includes welding and heating will readily 


appreciate the amazing wide range and versatility of the new Oxwep 


W-45 Blow pipe. Its 18 head sizes (2 to 300 eu. ft. per hr. capacity) prov ide 


a perfect flame for every metal thickness, Light sheet to heavy plate, 
one blow pipe does it all! 

From chrome-plated tip to offset hose connections, the W-45 shows the 
results of over a decade of development work by Linpe engineers. Its 
exclusive “jiffy-lock” heads, “form-fit” handle, and advanved styling are 
as modern as guided missiles and atomic power. “O” ring gas seals, flame- 
stabilizing mixers of improved type, and many other innovations put this 


blowpipe far ahead of the field in economy, ease of operation, and low- 


cost maintenance. 
See for yourself how you can enjoy tomorrow's operating standards 
today with an Oxweip W-45 Blow pipe. Ask your Linpe representative for 


a demonstration, or write for free booklet, F-8684. 


CW AS Cutting Attachment adapts the WAS Blowpipe for 
cutting steel up to & inches thick. 


Linde Air Products Company 


A Division of Union Carbide and Carbon Corporation 


30 East 42nd Street UCC New York 17,N.Y. 


Offices in Other Principal Cities 


In Canada: LINDE AIR PRODUCTS COMPANY Re a 
Division of Union Carbide Canada Limited, Toronto 
(formerly Dominion Oxygen Company) 


The terms “Linde” and “Oxweld” are registered trade-marks of Union Carbide and Carbon Corporation. 
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metal on seating surfaces of the valve body (shown here) and 
plug. Then they machine the Monel deposit to form the final 
seating surfaces of the valve body and plug. 


“140” Monel electrodes stop corrosion, erosion, and cavita- 
tion in 68,000-Ib. cast-steel valve. The fabricator — Willamette 
Iron and Steel Company, Portland, Oregon — deposits weld 


450 lb. Monel overlay protects 
68,000 Ib. steel valve from corrosion 


Take it from Willamette — 

Overlaying with “140"® Monel® nickel-copper alloy 
Electrodes is a practical way to get corrosion resistance 
when a part is too big to warrant making it entirely of 
this alloy. 


Take this 68,000-lb. cast steel valve for handling 
drinking water. Just 450 lbs. of Monel overlay protect 
its vital areas from corrosion, erosion and cavitation. 


Overlays like this are practical because it is easy to 
get strong, ductile, non-porous deposits with “140” 
Monel Electrodes. And the special low-carbon flux coat- 
ing permits crack-free overlays directly on steel. 


Do you have a similar problem? A part too big to 
make of solid corrosion-resisting metal, or a part with 


only one surface exposed to corrosives? “140” Monel 
Electrodes may be the economical way for you to obtain 
superior corrosion resistance. 


Nickel and Inconel® overlays 
When you want the advantages of a nickel overlay on 
steel, use Inco’s “141°® Nickel Electrodes. And for re- 
sistance to high temperatures and corrosion, use “142”® 
Nickel-Chromium Electrodes. 

For more information about the “140” series of elec- 
trodes, write Inco for Technical Bulletin T-2. It’s a help- 
ful, 44-page guide to “Fusion Welding of Nickel and 
High Nickel Alloys.” A copy is yours for the asking. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 
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Products 


Electrodes * Wires * Fluxes 
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OUR TECHNICAL MANPOWER SUPPLY 

The Welding Industry, like most others, is vitally dependent 
upon an adequate supply of technical manpower. We do not have 
this at present, so we must recognize the unpleasant fact and the 
disturbing trend. 

Our technical manpower supply is far short of demand. We 


. Editor should all be aware of this pressing problem and strive for its solu- 
B. E, Rossi tion. 

Deficiencies in our secondary schooling are among the most 

- Assistant Editor, Production potent factors in this unsatisfactory situation. The supply of high 

Catherine O'Leary school science teachers is dwindling seriously. In The Science 


Teacher for September 1954, Ray C. Maul, of the National Educa- 
tion Association, said that, ‘It is inescapable that in 1954—or in 
1955 at the latest— there will not be enough college graduates pre- 
pared for high school teaching to meet the demand even if every 
Officers of the Society one of them should seek a teaching position.”’ This trend has been 


J. H. Humberstone evident for years. The reasons are mainly economic. We do not 


President pay our teachers well enough. Those of a scientific and technical 
J. J. ype =" bent do better in industry. Each of us can and should raise his 
C. P. Sander voice in his community for improved economic status of teachers, 
2nd Vice-President ant ‘ atina taan 
and especially science and mathematics teachers. 
R. S. Donald 


Rotate A very bad result of the dwindling supply is that science and 
J. G. Magrath mathematies, in many schools, are not necessarily taught by teach- 
ers who have specialized in these fields. 

Asst. Secretory Moreover, there has been, in recent years, an alarming drop 
S.A. ane =, Mba in the percentage of high school student enrollment in science and 
mathematies. Another very unsatisfactory situation is the com- 
plete omission of scientific courses from the curricula of many high 
schools. Easy electives are the order of the day, a dangerous de- 
velopment for the industrial age in which we now live. To quote 


from an article in the New York Times for June 19, 1955: 
H. Hugo Stahl “Half of the nation’s high schools do not offer courses in chem- 
2. Middle Eastern istry. Fifty-three percent do not offer courses in physics. 
‘ alll B. Howard “Since 1900 the percentage of high school students studying 
: : Clarence E. Jackson algebra has declined from 56 percent to 24.6 percent; those study- 
4 sear oy Pec ing geometry from 27.4 percent to 11.6 percent and those studying 
5. East Central physics from 19 percent to 4.5 percent.”’ 
‘ : 4 J, H. Blankenbuehler Alarming, isn’t it? Let us do something about it, before 
J. R. Stitt industry becomes dangerously starved for lack of adequately 
7. pee oe trained personnel. The problem is ours—the Welding Industry 
. F. Chovinar » Weldi >rofessi 
8. Midwest and the Welding Profession. 
H. Jackson 
9. Southwest 
J. B. Davis 
10. Western 
R. H. Smith 
11. Northwest 
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from 113 to 900u * 
commonly specified in Breheating a 


Spot-welding operation in 
the manufacture of metal 
doors 


CONSUMABLE-ELECT RODE 
INERT-ARC SPOT WELDING 


BY R. L. HACKMAN 


Detailed 


advantages and limitations, 


description of process, tls 
applications, and range of usefulness in 


terms of material types and thicknesses 


L. Hackman is Developmer 
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The Process 

Spot welding with an inert-gas-shielded are is not a new 
concept. Spot welding, which utilizes a nonconsum- 
able tungsten electrode with inert-gas shielding, has been 
Within its 
range, this process has proved an extremely valuable 


in commercial use for about five years 
production tool. However, it does have limitations. 
For one thing, it is limited as to the thickness of ma- 
terials which can be joined, Another limitation is that 
it can be applied only to clean surfaces, Furthermore, 
this process adds no filler metal. Consequently, gaps 
or poor fit-up results in sinks or cavities, 
Consumable-electrode inert-are spot welding has 


been developed in order to overcome these shortcom- 


Are Spot Welding 839 


: 


ings. Basically, the mechanics of this process are the 
same as those of the constuumable-electrode inert-arc 
welding process, itself. In both, an are shielded with 
inert gas is established between the weldment and a 
consumable filler wire. Here, however, most of the 
similarity ends. For in the spot-welding process, the 
ignition and extinction of the are must be more pre- 
cisely controlled. Usually the are current density and 
voltages used are higher than those in the conventional! 
process. The weld puddle develops and_ solidifies 
rapidly. Intense local heat develops instantly; but as 
the arc exists only briefly, the total heat input is rapidly 
quenched by the surrounding metal. 

The consumable-electrode spot-welding process is 
equally adaptable to plug and tack welding. The latter 
two methods merely constitute variations of the basic 
process, 

Equipment and Operation 
Equipment Setup 

The suecess of consumable-electrode inert-are spot 
welding depends on using equipment which has the 
following characteristics: instantaneous and positive 
are ignition, an unvarying rate of current decay at the 
end of each weld cycle and a constant rate of filler wire 
feed into the are. Equipment incorporating these 
characteristics is shown in Fig. 2. The entire setup 
consists of four units: 


1. Automatic controls. 

2. Wire-drive unit with conventional wire feed. 

3. Manual torch where the shielding gas and wire 
electrode are fed through the nozzle. 

4. Constant potential power supply. 


Referring to Fig. 2, the automatic controls are 
mounted in the opened box shown in the upper portion 
of the illustration. Directly underneath is the wire- 
drive unit, which can be wheeled from station to sta- 
tion. In this illustration, the torch is lying on top of 
the wire drive unit. Water and the shielding gas are 
supplied through hoses which run to the wire-drive 
unit, and thence to the torch. 

Weld cycles in cousumable-electrode spot welding are 
very short. For this reason, it is extremely important 
that are ignition be instantaneous and positive. This 
enables are stability to be achieved rapidly. Small var- 
iations in the time required to obtain stability may rep- 
resent a sizable proportion of total are time, partieu- 
larly in thin-gage metal applications. Thus, it can be 
seen that the performance of any consumable-electrode 
spot-welding equipment can be most easily evaluated 
when joining thin-gage metals. 

A second requirement is an unvarying rate of current 
decay at the end of each weld cycle. It is this current- 
decay characteristic which eliminates the possibility of 
cratering and weld cracking. Since the current of a 
constant-potential power source is dependent on the 
wire-feed speed, the rate with which the current decays 
at the end of a eyele can be determined by the rate with 
which the rod is decelerated. A further purpose is 
served in preventing the filler wire from sticking in the 
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Fig. 2. Equipment for consumable-electrode inert-arc spot 
welding 


weld puddle since this decay characteristic is obtained 
by stopping the wire feed and permitting the wire to 
burn back a predetermined amount before the welding 
power is interrupted. Instantaneous are ignition and 
controlled current decay can easily be obtained with the 


use of constant-potential power sources, In addition to 


the requirements of instantaneous are ignition and con- 
trolled current decay, it is equally important that the 


same amount of filler wire be delivered to the are in the 


same amount of time. This means a fixed wire accel- 


eration to a given level 
Operation 

Little welding skill is required on the part of the ’ 
operator. He simply places the nozzle of the consum- 


able-electrode welding torch against the metals to be 


joined and squeezes the trigger. No forging pressure 


is needed. It is necessary only to position the torch 


squarely. Once the trigger has been pulled, the con- 


sumable-electrode welding control takes over and the 
operator merely keeps the torch in position during the 
welding cycle. Therefore, if the operator serves only as 


the operator and not as the setup man, a few minutes of 
training will completely familiarize him with the 


equipment. 
For setting up the control for a particular operation, 
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Fig. 3 Cross-section of consumable-electrode inert-arc 
spot weld after pulling in shear to yield point 


Fig. 4 Spot-weld nugget torn from base metal 


a knowledge of normal consumalhle-electrode welding is 
beneficial. The general requirements for normal con- 
sumable-electrode welding also apply to the spot weld- 
ing process. Current must not be high enough to cause 
blasting, but on the other hand it must not be so low as 
to cause unsatisfactory metal transfer If the voltage 
is too high, the are will tend to cut through the weld- 
ment with a very deep, narrow penetration, This will 
result in small interface nuggets 

Preparation of the material will depend on the 
strength required in the finished work. In other words, 
some rust can be tolerated on the interfaces if extremely 
high strength is not required. However, in order to 
achieve the ultimate with the process, clean interfaces 
are necessary 
Process Weld Characteristics 

Figures 3 and 4 indicate what can be expected of spot 
welds made with the consumable-electrode inert-arc 
process. Figure 3 shows the cross section of a typical 
spot weld, which was pulled in shear to its yield point 
Similarly, Fig. 4 shows a nugget which was torn out of 
both the upper and lower plates without shearing 

Referring to Fig. 3, 15-gage tvpe 304 stainless steel 
was spotwelded to ll-gage type 304 stainless steel 
When pulled in shear, the weld vielded at 8300 Ib, a 
value well in excess of the 2950 |b minimum* which is 
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recommended practice. (The top sheet was pulled 
toward and the bottom sheet was pulled away from the 
reader.) Examination after pulling and sectioning 
disclosed a wide area of shallow penetration. Exam- 
ination also showed that shearing was starting to occur 
in two planes—horizontally through the button and 
vertically around the button. Cratering was absent, 
and there was no noticeable evidence of splatter. 

Figure 4 is particularly interesting. It depicts what 
happened as the result of a tensile test on '/s- to '/¢in. 
carbon steel joined by means of the process. As pre- 
viously indicated, the nugget tore completely out of 
both the upper and lower plates without shearing. In 
this particular instance, the sample yielded at 9830 Ib. 


Applications of the Process 
Present Limitations 

At present, the consumable-electrode inert-are spot- 
welding process can be used on carbon steel, stainless 
steel and copper-bearing alloys. Aluminum is pres- 
ently omitted from this list due to some difficulty in 
obtaining consistency in starting. As pointed out pre- 
viously, it is extremely important that starting con- 
sistency be obtained if uniformly good results are to be 
expected, The consumable electrode spot-welding proc- 
ess can be used on metals up to about '/s-in. thick in the 
downhand position, On thicknesses of '/, in, or thick- 
er, it is necessary to plug weld 

The dividing line as to when it is advisable to plug 
weld in preference to spot weld is determined for the 
most part by the strength requirement and consistency 
necessary As thicknesses of '/, in. are approached, re- 
sults now obtained with spot welding tend to be less con- 
sistent than results obtained with plug welding. Both 
spot welding and plug welding can be used in position 
up to about 45 deg to the vertical. Above this point in 
most cases, plug welding may be preferred; although 
the consumable-electrode spot welding can now be used 
on thinner materials even in the vertical position. 
Results which ean be obtained in the vertical position 
are generally almost as good os those that can be ob- 
tained with downhand spot welding. However, more 
care must be taken in the selection of welding conditions 
and in torch-nozzle design. Overhead spot and plug 
welding with the consumable-electrode process gener- 
ally can be done as easily as in the downhand position, 

The fitup of the materials being welded does not con- 
stitute the problem it does in the tungsten electrode 
welding process. This is because filler metal added in 
the consumable-electrode spot-welding process can 
bridge the gap between the pieces, In fact, in many 
coses, it has been found that higher shear strength oc- 
curs with the consumable-electrode process when a 
slight gap exists. This is probably due to the ease with 
which the filler metal can flow over the lower plate and 
thereby effect a larger interface nugget. When larger 
interface nuggets cannot be obtained with the consum- 


able-electrode process without burning through the 


* Interpolated from 2800 Ib for 0.070-in. and 4400 |b for 0.078-in. atain- 
lew eel Table 2, Weroine Hanpnook, Third Edition, p. 404 
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Fig. 5 Consumable-electrode inert-arc spot welding set-up for the manufacture of metal doors 


Fig. 6 Consumable-electrode inert-arc spot welding for 
graphite electrodes 


lower plate, multiple eyeling has been found useful. In 
cases where multiple cycling has been used, it has been 
possible to obtain shear strengths as much as twice 
those obtained with single-cycle spot weld. Multiple 
eveling is also beneficial in eliminating hot-short and 
shrinkage cracking, which may oecur in some cases with 
single cycles. In some cases where the cycle was se- 
lected to give large nugget sizes, underbead or crater 
cracking occurred when joining stainless to carbon steel 
and stainless to stainless. Multiple eycles in these 
cases tended to permit the spreading of the heat so 


that a severe temperature gradient did not develop. 


Specific Examples 

Consumable-electrode inert-arc spot welding is being 
adopted more and more for diverse production applica- 
tions. The examples, which are described and illus- 
trated in this paper, have been selected for purposes of 
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demonstrating the versatility of the process. Explana- 
tion of each of these examples follows below by figure 
number: 

Figure 5 shows a complete consumable-electrode spot- 
welding setup for the manufacture of metal doors. The 
welding controls, the cooling water circulating pump 
and tank, along with the argon cylinder and regulator, 
are mounted on the dolly as shown to the left. The 
unit at the right contains the wire-feed mechanism, gas 
and water solenoids, current relay and water-flow 
switch. The operator is spot welding '/,-in. thick car- 
hon-steel hinges to a 16-gage cold-rolled door frame,with 
the weld made through the 16-gage material 

The lead illustration (Fig. 1) is a close-up view of an- 
other operation in the production of doors as shown in 
Fig. 5. Here an operator is positioning the torch prior 
to spot welding a 16-gage clip to the 16-gage cold-rolled 
carbon-steel door frame. The welding conditions are 
375 amp and 30 v at a welding speed of | see per spot 
weld 

In Fig. 6, an operator is spot welding a carbon-steel 
casing on a graphite electrode. This electrode will be 
used in a furnace for ferro-manganese reduction. Con- 
sumable-electrode inert-are spot welding is the only 


process known to this user which can be used to fabricate 


electrode sheathing successfully so as to withstand fur- 
nace operation continuously, 

Shown in Fig. 7 is the seat framework of a metal chair 
which was spot welded together by means of the con- 
sumable-electrode process. The joint geometry of 
each spot weld is actually that of a fillet tack. There 
are six spot welds per chair. 

Figure 8 illustrates the production of the chair shown 
in Fig. 7. Using the jig assembly shown here, chairs 
are being welded together at a rate of 5 per min. In- 
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cluding torch positioning and positioning in the jig, this 
means that a consumable-electrode spot weld is being 
made once every 2 sec 

Shown in Fig. 9 is a dimpled cold wall for a refriger- 
ated milk tank where the refrigerant will be Freon gas at 
150 psi gage. The round portions are spot welds which 
were made with the consumable-electrode process 
Compared to plug welding, the process was three times 
faster and used one-half the amount of filler wire pre- 
viously required 

Figure 10 is the back of the cold wall shown in Fig. 9, 
where 15-gage dimpled sheet was spot welded to 1l-gage 
flat sheet 
The evenness of dark spots indicates the evenness of 
Welding conditions for this applica- 


(Both sheets were Type 304 stainless steel 


heat distribution 
tion were 220 amp, 28 v with welding cycles of 0.55 
sec and off-cycles of 1.9 sec with a post flow of 1.9 see 

Figure 11 illustrates three distinctly different types of 
consumable-electrode process spot welds made in the 
Weld A shows the spot 
weld made when joining the backrest to the leg assem- 
bly. Weld B is a spot weld joining the hinge assembly 


fabrication of a folding chair 


to the leg assembly. (The backrest and leg materials 
were 0.020-in. thick cold-rolled carbon steel Weld ( 
illustrates a tack weld joining one of the cross bars to 
the leg assembly 

Shown in Fig. 12 are three views of a magnesium 
anode assembly for preventing corrosion in hot-watet 
heaters. View A shows the top side of the anode be- 
fore applying the consumable-electrode process. Views 
B and C are a side cross-section and top view, respec- 
tively, after application of the process. Before apply- 
ing the process, a carbon-steel rod protruded from the 
magnesium through the hole in View A. Spot welding 
with the process sealed off the hole in View A without 


the appearance of blowholes in the weld metal due to 


entrapped air from within the anode assembly 


Fig. 7 Spot-welded seat framework for metal chair 
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Fig. 8 Method of spot-welding chair seat framework with 
the consumable-electrode inert-arc process 


Fig. 9 Consumable-electrode inert-arc spot welds in the 
cold wall for a refrigerated milk tank 


Fig. 10 Back of spot-welded cold wall for a refrigerated 
milk tank 
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Fig. 11 Consumable-electrode inert-arc spot welds in a 


folding chair 


Fig. 12 Application of consumable-electrode spot welding 


to magnesium anode 


Fig. 13. Application of consumable-electrode inert-arc 


spot welding to the manufacture of door stiles 
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The operator shown in Fig. 13 is assembling a door 
stile by means of consumable-electrode inert-are spot 
welding. The process is also used when assembling 
components of the door itself. Adoption of the process 
has enabled the customer to increase his production of 
doors and door frames. 


Quality-Control Investigations 

Investigations are now under way to determine the 
statistical reproducibility of spot welds made with the 
consumable-electrode inert-are process. Although not 
yet conclusive, evidence to date has been encouraging. 
It indicates the following with respect to shear-strength 
tests: 

1. For any given number of samples, shear strength 
values are symmetrically distributed around the mean 
shear strength for each group of samples. 

2. For a given material, the mean shear strength of 
samples appears to be a function of material thickness. 

3. For a given material, dispersion (as measured by 
standard deviation) around the mean shear strength of 
each group of samples appears to be a function of ma- 
terial thickness. 

Figure 14 shows how sample shear-strength values 
for different welded materials vary symmetrically 
around their respective sample mean values. (For all 
instances, the actual distribution of sample shear 
strengths closely approximates theoretical normal dis- 
tribution.) Similarly, Fig. 15 indicates how sample 
mean shear strengths appear to be a linear function of 
material thickness. Finally, Fig. 16 depicts the general] 
relationship, which appears to exist between deviation 
from sample mean shear-strength values and material 
thickness. 

When studied in relation to each other, all three fig- 
ures indicate that the process, itself, is amenable to a 
significant degree of control and statistical prediction in 
production. Results depicted by the three figures indi- 
cate that variations in process performance will be at- 
tributable primarily to differences in material thickness 
The extent to which the filler wire will affect results is, of 
course, now subject to question. In this respect, how- 


“ 0.078" TO 0.078" 
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Fig. 14 Frequency distribution of consumable-electrode 
inert-arc spot welds in cold-rolled low-carbon steel 
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Fig. 15 Mean shear strength of consumable-electrode inert- 
arc spot welds in cold-rolled low-carbon steel ‘i 


ever, some sample groups were spot welded with some- 
what different types of filler wire. Test results indi- 
cated no significant change in sample mean shear 
strengths or in dispersion around these means. This 
served as further proof as to the high degree of fusion 
between the materials, which were spot welded together. 

The concepts under discussion here can be used to 
predict how many consumable-electrode inert-are spot 
welds will fall above or below a specified shear strength 
value. For example, 1640 |b* is recommended as a 
minimum shear strength when spot welding 0.057- to 
0.057-in. low carbon steel. Using a probability table 
and applying data in Figs. 15 and 16, it is possible to 
predict that only one in every 145 spot welds will fall 


below the specified value of 1640 Ib 


Comparison to Other Processes 

Generally, consumable-electrode inert-are spot weld- 
ing must be regarded as a supplement to other existing 
spot, plug and stud welding methods. The tungsten- 
electrode spot-welding process is still to be preferred on 
very thin materials, where it is cheaper and does not 
have the buildup or button which occurs with the con- 
sumable-electrode process as a rule. However, con- 
sumable-electrode spot welding does have advantages 
in that fit-up is not a problem and in that it can be used 
over a very wide range of thicknesses 

Manual plug welding may still be preferred in some 
cases where the plug is extremely large or where it is 
necessary to get a high degree of manipulation of the 
puddle in order to eliminate cold shuts or slagging 
The consumable-electrode process may supplant some 
applications in which stud welding is now used. For 
tack welding, consumable-electrode spot welding offers 
an extremely valuable tool fegardless of the method 
which may ultimately be used to weld the pieces being 
joined, consumable-electrode inert-are spot welding 
No skill is re- 


quired on the part of the operator, and it is not neces- 


offers a quick, clean method of tacking 
sary to remove any slag before a final weld is placed 
over the tack 


* Interpolated from 1350 |b for 0.050-in. and 1850 Ib for 0.062 
steels in Table I, Hanpaook, Third Edition, p. 403 
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Fig. 16 Shear-strength dispersion of consumable-electrode 
inert-arc spot welds in cold-rolled low-carbon steel 
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Fig. 17 Hard-faced surface produced with consumable- 
electrode. inert-arc spot welding 
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Conclusion 

Consumable-electrode inert-are spot welding can be 
applied easily and quickly to a variety of production 
problems. The process is now being used in all posi- 
tions on carbon, stainless and galvanized steels as well 
as on copper-bearing alloys 

Recent developments indicate that the process has 
potentials far beyond the present scope of spot, plug or 
tack welding. Figure 17 illustrates one such potential. 
It shows three views of carbon-steel bar stock which 
was hard-surfaced by means of the process. The sur- 
facing metal was deposited with one shot; no preheat- 
ing was required. However, some dilution oceurred. 
Dilution will be eliminated in the future by using bar 
stock with concave ends so as to permit two passes with 
the surfacing material. ‘This application simulates the 
hardfacing of pusher rods for valve assemblies subject 
to high temperatures 

The process is now an accepted production tool. Its 
future growth will follow three major paths: First, it 
will serve more and more as a useful supplement to 
older methods of spot, plug and tack welding. Second, 
its inherent quality-control properties will help to make 
it an adjunct to automation-production operations. 
Finally, it will very possibly find use in applications 
which cannot be adequately handled by any other pres- 


ently known welding method 
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Silver overlaying on a titanium hemisphere used for Gyro assembly by inert-gas tungsten-arc brazing process 


METALLURGICAL ASPECTS 
OF SILVER BRAZING TITANIUM 


Paper covers the brazing of lilantum by Titanium can be satisfactorily brazed to itself and to 
‘ ~ most other metals, but its ability to combine readily 
three processes: inerl-gas-shielded with elements of the atmosphere at brazing tempera- 


radiant-heal brazing, induction brazing, tures practically eliminates all known brasing processes 
‘ ‘ which do not employ inert-gas shielding. Certain 
and inerl-gas lungsten-arc brazing fluxes provide some protection, but are not suitable for 
optimum joint strength efficiency and good corrosion 

characteristics. 
North American Aviation has developed three proc- 
BY N. A. TINER esses for brazing of titanium; namely, inert-gas- 
shielded radiant-heat brazing, induction brazing and 
inert-gas tungsten-are brazing. Both the radiant-heat 


N. A. Timer is associated with North American Aviation, Inc Downes and induction brazings are done In a bell jarw hich con- 


Calif tains argon atmosphere. In the radiant-heat process, 
Preesented at the Ninth Western Metal Congress, Low Angeles, Calif.,. Mar . 
28 Apr. 1. 1945 an incandescent tungsten wire heats the parts to be 
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brazed. In the induction process, a coil of copper tubing 
surrounds the work at the joint area and the high- 
frequency current induced by tubing heats the area to be 
brazed tadiant heating requires heating of the whole 
part and is time consuming, while induction heating re- 
quires heating of the joint alone and is not time con- 
suming, but it is not suitable for complex shapes 
Inert-gas tungsten-are brazing is performed by the use 
of a commercially available water-cooled torch and a 
high-frequency alternating-current welding transformer. 

A brief description of the equipment and the technique 
used in these brazing processes was given by H. L 
Meredith.'| This paper is concerned principally with 


the metallurgical aspect of these processes 


Titanium-Silver Phase Diagram 


The basis of any systematic study of the metallurgy 
of brazing is, of course, the constitution diagram which 
shows the equilibrium temperature and composition 
limits of all possible alloys formed by the parent metal 
and the filler material. When titanium comes in con- 
tact with molten silver, all of the alloys shown by the 
diagram at the temperature level of the molten silver 
will form on the titanium surface. Their order of oc- 
currence, starting from either end of the system, will 
be the same as in the diagram, assuming, of course, that 
the diagram is known and that the existing conditions 
are comparable to equilibrium conditions 

At the time these investigations were made, no pub- 
lished silver-titanium constitution diagram was avail- 
able. A tentative diagram was speculated by many 
investigators? as in Fig. | 

Pure titanium has a crystal structure of body center 
cube (beta titanium) above 1620° F and close-packed 
hexagonal (alpha titanium) below this temperature 
Silver is soluble in beta titanium to a larger extent 
Van Thyne, Rostoker and Kes- 


sler® published observations on an intermetallic phase, 


than alpha titanium 


formed by a peritectic reaction between beta titanium 
and silver-rich melt at about 1900° F. and established 
its composition as TiAg with a face-centered tetragonal 
structure According to a more recent work by 
Worner,‘ this compound is assumed to be TijAg 

Raub’s work® indicated that titanium and silver are 
immiscible in the liquid state, but no evidence of this 
was found by other investigators and a partial miscibil- 
ity was assumed \n attempt was made by the author 
to determine the approximate solubility limit using the 
following technique 

Silver was melted in a graphite crucible under argon 
atmosphere and titanium powder was stirred into the 
melt. The temperature of the melt was first brought 
to 2300-2500° F for 
1800° F and kept there for 2-3 hi 


very much lighter than silver, has a tendency 


hr and then lowered to about 
Titanium, being 
to float on 
the surface of the melt. Dip samples were taken from 
the bottom portion of the melt by means of a special 
graphite ladle and analy zed by per trographi rie thods 
It was observed that the samples taken at 2300-2500° I 
had 2 7°) titanium and those taken at 1800° F had 1.5 
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1.3°%. Solidified samples showed dispersed small 
round particles of titanium under the microscope (Fig. 
1). The amount of titanium retained in molten silver 
at the end of 2 and 3 hr being close to each other, equi- 
librium condition appears to be reached, and it can be 
assumed that the solubility of titanium in molten silver 
at 1800° F is about 1.5% It increases at higher 
temperatures 

From brazing standpoint, the relatively low solubility 
of titanium in molten silver at temperatures near the 
melting point of silver indicates that silver should ex- 
hibit good spreading power without excessive erosion 


and undercutting of the titanium base, and permit the 
At higher braz- 
ing temperatures, erosion and undercutting should 


use of small clearances in brazed joints. 


increase, 
Microstructure of Brazed Joints 

On the basis of these theoretical considerations, it can 
be inferred that in no instance would a silver brazed 
joint simply be a layer of filler metal mechanically 
We should ob- 


serve diffusion of silver into titanium and alloying of 


sticking to the surface of titanium, 


titanium with silver to form an intermetallic compound, 
The amount of the various zones will depend on the con- 
ditions of brazing. Some typical microstructures ob- 
served are shown in Figs. 2-4 

Figure 2 shows the microstructure produced by silver 
brazing of a titanium double-lap joint by inert-gas- 
shielded induction heating \t the silver-titanium 
interface, a distinct layer is seen. This layer, which is 
formed by diffusion of silver into titanium and may be 
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Fig. | Tentative titanium-silver phase diagram 
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Fig. 4 Silver overlay on a titanium hemisphere by inert-gas tungsten-arc brazing 


called “diffusion layer,” is a solid solution of silver in 
alpha titanium, It has an anisotropic strueture under 
polarized light and a Knoop hardness comparable to 
that of the adjacent titanium. The interstice consists 


principally of silver phase. 
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Figure 3 shows the microstructure produced by silver 
brazing of a titanium hemisphere by inert-gas-shielded 
radiant heating. The diffusion layer is not homoge- 
neous. Longer heating of the sample appears to cause 


excessive diffusion of silver into titanium and subsequent 


THe WELDING JOURNAL 


Fig. 2 Silver brazing of a titanium double-lap joint by inert-gas-shielded induction heating 

4A Fig. 3 Silver brazing of a titanium hemisphere by inert-gas-shielded radiant heating 


Fig. 5 Microstructure of various shaft insert lap type of silver brazed titanium joints prepared by inert-gas-shielded induction 
heating; X 250 


(b) Brazing time 5 min (c) Brazing time 10 min,” high (d) Brazing time 15 min, very high 
temperature (1900-2000 F) temperature (over 2100°F) 


(a) Brazing time 1 min 


t 


Fig. 6 Fractured tensile shear specimen of silver brazed titanium prepared by inert-gas-shielded induction heating, using 


very high temperature and long brazing cycle 


Adjacent to this 


layer at the silver interface, a very thick zone of colum- 


decomposition of the solid solution 
nar grainsisseen. It etches more readily than titanium, 
has a gold-yellow color and a Knoop hardness (200-250 
with 25 g load) slightly lower than that of the adjacent 
titammum (260-380) 
the ductile TiAg intermetallic compound identified by 


This alloy zone appears to be 
Kessler, ef al. The white area adjacent to the alloy 
zone is the silver phase 

Figure 4 shows the microstructure of a silver overlay 
on titanium by inert-gas tungsten-are brazing. The 
short heating cycle, relatively high surface temperature, 
and strong agitation of the molten silver by high-fre- 
quency alternating current characteristic to this process 
produce an alloy zone of small dispersed particles and 
practically no distinct diffusion layer 

In order to examine more closely the formation of 
different phases in silver brazing of titanium, four shaft 
insert lap type of brazed joints were prepared by inert- 
gas-shielded induction heating, using increasing time 
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and temperature. ‘Typical microstructure of the joints 
obtained is shown in Fig. 5 

Short-eycle brazed joint (Fig. 5a) had a few alloy 
particles dispersed in silver and practically no distinet 
diffusion layer. When brazing time was increased, the 
diffusion layer became distinet and the alloy formation 
At higher brazing 


temperatures, excessive erosion and undercutting oc- 


considerably increased (Fig. 5b) 


curred on the titanium interface, and light gray particles 
of retained beta titanium are formed in the alloy zone 
(Fig. 5c) When extremely high brazing temperature 
and long brazing cycle was used (Fig. 5d), both diffusion 
layer and the alloy zone became practically one con- 
tinuous layer, nearly twice the thickness of the original 
interstice. ‘This interstice had a hardness comparable 
to the adjacent titanium and appeared to be a solid 
X-ray diffraction analy- 
sis of the powder samples taken from this zone exhibited 


solution of silver in titanium 


alpha titanium and TiC lines, and no silver or silver 


compound lines were found 
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Strength of the Brazed Joints 


Joint shear strengths associated with these various 
microstructures have been determined, using tension 
shear specimens shown in Fig. 6. 

In general, the strength of a joint is determined by 
design factors, such as the type of joint, the joint area 
and the clearance between the members of the joint. 
The strength of the filler metal also has an influence. 
In our investigations, a shaft insert type of lap joint 
was chosen as it was easily and uniformly heated with a 
simple work coil in the induction furnace, and the effect 
of joint clearance was slight. A joint diameter of '/, 
in., a width of '/, in. and a clearance of 0.003-0.004 in 
on the radius were used, 

The tests showed that pure silver brazed joints, made 
with correct brazing procedures, can develop shear 
strength of 21,000-24,000 psi. The brazing tempera- 
ture used was 1800-1900° F and the brazing time was 
about | min, just long enough to allow the filler metal 
to flow completely through the joint interstice. 

If the brazed joints were made by using longer braz- 
ing cyeles (5 to 10 min) and/or slightly higher brazing 
temperatures and a thick layer of TiAg compound is 
allowed to form in the interstice, the joint shear 
strength was somewhat impaired. If, however, ex- 
cessively high temperature (2100-2300° F) and long 
eycle (10-15 min) were used and the joint consisted of a 
continuous layer of solid solution of silver in titanium, 
extremely high shear strengths, over 35,000 psi, were 


developed. This process caused some grain growth 


and slightly impaired the properties of the titanium 


Fig. 7. An overlay of BT" alloy (72% Ag - 29% Cu) on 
titanium by inert-gas-shielded induction heating 
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base. The joint failed in shear tests partially through 
the interstice and partially through the parent metal as 
seen in Fig. 6. 

For comparison a number of brazed joints were made 
using silver brazing alloys, such as Ag-Cu Ag-Cu-Sn, 
Ag-Cu-Cd-Zn and Ag-Mn. The shear strength of these 
alloy joints (16,000-20,000 psi) was somewhat lower 
than the shear strength of the pure silver joints 

Figure 7 shows the microstructure of a silver-copper 
overlay on titanium made by inert-gas-shielded induc- 
tion heating. The interstice consists of an Ag-Cu 
eutectic and a very brittle intermetallic compound. 
The presence of such brittle phases in a brazed joint 
appears to reduce the shear strength of the joint. 

The strength of brazed joints at elevated tempera- 
tures is generally determined by the filler metal used, 
and not by the joint design, and the strength becomes 
weaker as the temperature increases. Ag-Mn alloy is 
normally used for high temperature applications. The 
shear strength of the alloy joint drops from about 20,000 
psi at room temperature to about 13,000 psi at 800° F. 
Titanium-brazed joints made dissolving silver in tita- 
nium by the use of intense induction heating and long 
cycle appear to be very promising for such high tem- 
perature applications. 


Summary and Conclusions 

An investigation is made on the metallurgical aspects 
of silver brazing of titanium by the methods which em- 
ploy inert-gas shielding. 

The silver-titanium constitution diagram is discussed, 
and the solubility of titanium in molten silver at [800° F 
is determined to clarify the silver-rich corner of the con- 
stitution diagram. 

The microstructure of the various zones produced at 
the silver-titanium interface by the three inert-gas- 
shielded brazing methods is illustrated and the relation 
between the microstructure and the joint strength is 
pointed out. 

A new technique of induction brazing, using high 
temperature and long heating cycle, is brought to at- 
tention. The brazed joints made by this technique had 
very high shear strength, especially at elevated tem- 
peratures, even though the properties of the parent 
metal adjacent to the joint were somewhat impaired 
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Fig. 1 KC-97 airplane (transport-tanker) 


SPOT WELDING OF STRUCTURAL 
APPLICATIONS IN AIRFRAME MANUFACTURING 


BY W. R. GAIN 


High quality and consistency of spol welds assured through 


understanding of, and careful adherence to, procedures 


developed over years of investigation and research 


Introduction 


Spot welding of primary aircraft structures goes back 
farther than most of us stop to realize. There is, as an 
example, the amphibious biplane built in 1931 by the 
Budd Manufacturing Co. This airplane, the “Pio 
neer,”” is on display at the Franklin Institute in Phila 


delphia and demonstrates the utilization of the spot- 


welding process in fabricating structural applications 
In corrosion-resistant steels Jenkins and Piper® have 


referred to the spot-welded wings on the Northrop 
Cramma-type plane which was in production in 1933 


The “Formers” were spot welded to the skin on the 
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Airplane ¢ Seattle, Waal 

Presented at AWS Technical Se n, W 1 Cong 4 

March 20. 1055 

SEPTEMBER 1955 Gain lirframe 


Chance Vought “Wing-fisher” (OS2U-1), a Navy pre- 
World War II observation plane 

From this we can see that spot welding of aircraft 
structures is not something new However, lack of ex- 
perience and limited knowledge of the various physical 
and chemical properties of the spot-welded joints neces- 
sitated somewhat of a curtailment in the use of spot 
welding for structural components of aircraft. This 
was controlled through various means by the applicable 
Governmental agencies such as the Army Air Corps and 
the Navy Bureau of Aeronautics 

Through the ensuing years, considerable research 
and development work was performed. This work 
provided an accumulation of data which resulted in 
many design improvements in spot-welding equipment 


and increased utilization of the process. With the in- 
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creased utilization, the field of experience has expanded 
and brought about additional improvements in equip- 
ment dependability, design and operation know-how 
and a quality level which resulted in relaxing some of the 
restrictions on the use of resistance welding. With the 


easing of some restrictions, further steps were made in 


developing techniques and equipment to provide re- 


liable consistency of joint strengths, proper load dis- 


tribution and elimination of corrosion problems. 
We might then say that spot welding of aluminum 
alloys in aircraft manufacture was originally a method 


of assembling boxes, map cases, ash trays and other 


small parts wherein the failure of one or two welds 
would not affect the use of the part—even the failure of 
the entire part would have no serious effect other than 
that reflecting the inadequacy of the process itself, 
(In those days, little was known of the causes of weld 


failures.) 

By continual usage and development and research 
work in spot welding aluminum alloys, the process was 
gradually improved and the reasons for weld inconsist- 


encies were isolated as functions of the machine opera- 


tion, the material or the associated cleaning process 


These investigations revealed that the cleaning process 


would produce uniformly clean parts if the solution tem- Fig. 2 Surface resistance measuring device (10 microhms 
peratures, concentrations and the immersion times were min) 


Fig. 3 Oscillographic recordings of welding force and current indicating the rate of rise of the forging force and the time 
relationship of these two variables to each other 


VARIATIONS 


IN APPLICATION 


+ 


Satisfactory rate of rise of forge force Unsatisfactary rate of rise of forge force 


DIAPHRAGM 
TYPE 444 
PRESSURE 
SYSTEM 


FORCE 4 ~ 

DELAY 


Minimum forge (recompression) delay forge initiated Maximum forge (recompression) delay forge initiated 
'/) cycle after beginning of heat time 10 cycles after beginning of heat time 
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Fig. 4 Minimum single spot and minimum average single 
spot shear strength requirements 


controlled. A method of checking the consistency and 
adequacy of the cleaning process Was also dey eloped A 
typical surface resistance measuring device is shown in 
Fig. 2 

Concurrently with the above development, investi- 
gations of the operations of the equipment revealed the 
importance of the welding current, welding pressure, 
forging pressure and electrode contour in’ producing 
welds of good quality and consistency Figure 3 is a 
photograph of some oscillographic traces that illustrate 
some of the more recent developments of the welding 
eurrent wave shape with a sloping wave front and con- 
trolled These the 


repid rate of rise of the forging force and the adjustable 


current decay traces also show 
range of application with respect to the time relation- 


ship of these two variables The synchronous controls 
developed to accomplish reproduction of the current 
weve shapes and the time relationship of the welding 
current to the welding and forging forces were very im 
portant to producing consistently, metallurgically sound 
welds 

The designer was very anxious to utilize the econom- 
ical advantages of spot welding such as low cost and 
high production rate but he could not risk the safety of 
the airplane by the application of an inconsistent proc- 
ess. By demonstrating the consistency of the process, 
using carefully controlled procedures, approval was 
gradually extended to use spot welding in more impor- 
tant structures. So today we find ourselves spot weld- 
ing, for example, large body panels in which the strength 
and safety of the airplane depend upon the quality 
the 


standing of, and careful adherence to, the procedures 


and consistency “built in” welds by an under- 
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Fig. 5 Single spot design strength based on single spot 


shear strength requirements, Fig. 4 


developed over years of investigation and research, 


It is sometimes difficult to define specifically what is 
or not 


a structural application One possible way 


might be to ask the question “Can failure of this part 
result in the loss of the airplane and/or the lives of its 
answer to this question would 


This dis- 


occupants?” A “veg” 
that the 


cussion will be confined to applications of this type. 


mean part is primary structure 


The airplane on which these assemblies are spot 
welded is shown in Fig. 1, and has the following speci- 


fications 


Wing span, ft 141 
Fuselage length it 110 
tons Si 

Transport-Tanker 


Ciross weight 

Type 
Approximately six hundred of these airplanes have been 
manufactured 

In order to provide for adequate design allowables on 
the type of applications mentioned above, it was neces- 
sary to use minimum single-spot shear strengths and 
single-spot shear strengths in excess 


Military Specification (MIL- 


minimum average 


of those spec ified in the 


W -6860 Figure 4 shows the comparison of the mini- 
mum single-spot and minimum average single-spot 
shear strengths of the two specifications. Figure 5 


shows the difference in the allowable design single-spot 
shear strength 
In addition, the weld quality requirements estab- 
lished for these applications are higher in some cases 
than those required by Military Specification, as an 
example. The welds must be crack-free whereas MIL- 
W-6860 allow 


The most critical spot welding on these applications is 


cracking within certain limitations. 
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Fig. 6 The effect of spot spacing on ultimate tensile joint 
strength 


in the skin laps on the body panels. When spot weld 
ing Was contemplated for this type of work, an extensive 
test program was conducted for the purpose of de- 
veloping a two-row spot-welded joint® which would 
satisfy the following requirements 


1. Ultimate tensile strength of the lap joints shall 
exceed 50,000 psi 

2. Joint fracture at ultimate static load shall occur 
in the base metal and not by shearing the spots, 


During the course of this investigation, the optimum 
values were obtained for: (1) spot spacing, (2) edge 
margin, (3) row spacing and (4) single-spot shear 
strength to be used in fabricating the two-row spot- 
welded joint satisfying the above requirements. 

The most favorable values determined for these 
factors are shown in Table 1. It should be pointed out 


that the values shown in Table | were not necessarily 


A. View of inside of a typical KC-97 body panel 
Note: Panels are flat when welded 


those which gave the maximum joint strength but those 


which would fulfill the requirements of producing a 
joint strength of at least 50,000 psi with failure occur- 
ring in the base metal and not by shearing the welds 
They were selected by weighing the benefits of the 
strength gained above that required against those of the 
loss of production time, weight saving and standardi- 
zation. As an example, Fig. 6 shows the effect of spot 
spacing on ultimate tensile joint strength. Note that 
higher joint strengths are obtainable in both the 0.040- 
in. combination and the 0.072-in. combination with 
closer spot spacing than 0.5 in. However, in each case 
the requirements of 50,000 psi joint strength and base 
metal failure are fulfilled at 0.50-in. spot spacing. In 
consideration of production time and for standardiza- 
tion of the indexing table racks, the 0.50-in. spot 
spacing was selected. This type of welding is called 
special-purpose, high-strength spot welding 

It should be noted that Table 1 only includes sheet 
thickness combinations through two pieces of 0.072 in 
If heavier thicknesses were employed, it would be 
necessary to determine new values for edge margin row 
spacing and spot spacing because of the shunting effect 
and to preclude expulsion of the larger spot Corre- 
spondingly higher, single-spot shear strength values 
would be required. 


Some Structural Applications 

\ typical body panel is shown in Fig. 7. The resist 
ance welding of the skin lap is the special-purpose type 
and that joining the stiffeners and patches is Class A 
(Structural). In some instances the special purpose 
welding involves a four-thickness pile up. This is in 
such places where a reinforcement doubler for a cut-out 


area crosses a lap joint containing a hat section stiffener 


Table | 

Spot Edge Rou 
Sheet thickness spacing, margin, spacing, vingle-spol 
combination, in in mn mn shear, lhs 
0040 + 0 O40 05 0 3S 1 25 700 
O51 + O O51 0 38 1 25 
0 064 + O O64 05 0 3S 1 25 1200 
0 O72 + O O72 os 0 3S 1 25 1400 


Figure 7 
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This condition Is shown ith big 3, and the combination 
consists of a 0.040-in. skin, a O.064-in. skin, a 0.025- 
in. patch (reinforcement doubler) and a 0.072-in. hat 
section stiffener. The joint strength under these condi- 
tions is based on the skin-to-skin material 

Figure 9 shows a lap joint being roll spot welded. The 
machine is operated at 40 spots per minute. The 
patches and stiffeners are similarly roll spot welded 
except the speed is increased to 70 spots per minute 

There are 21 spot-welded panels in the fuselage 
These panels range in size from 10 x 20 ft comprising 
two 20-ft long skins to 5 x 5 ft. involving only one skin 
All of these 21 panels are assembled on two layout tables 
fs shown inh big 10 The component parts are drilled 
approximately every 20 in. for temporary fasteners and 
code marked so that they can be disassembled for clean 
ing and reassembled for welding These two layout 
tables are adequate for handling the panels for more 
than 20 airplanes per month. It is quite obvious that 
tooling requirements are small 

The patches, stiffeners and splice joints are welded in 


the flat and then assembled to the circumferential stiff 


eners in wrap-around fixtures as shown in Fig. Il. Fig 


ure 12 is a view of a part of the fuselage final assembly 


area 


Fig. 9 Roller spot welding a typical KC-97 body panel 
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Fig. 8 Close-up showing spot-welded 4-thickness pile-up 
(skin to skin to doubler to stiffener) 


The support fixtures on the spot-welding machines 
are large flat tables covered with carpeting. The tables 
for the press-type spot welders are rack indexed and air 
operated and synchronized with the “Soff” timer on the 
spot-welding machine. Small pneumatically operated 
rollers (see Fig. 13) carry the skins during movement of 


the tables on both the roll spot and press type spot weld- 


e top ent scraping o thre clectrodes 


— 
~ 
Gain Airframe Spot Welding 


Fig. 10 Components to be spot welded are located on layout table as shown 


Fig. 11 After spot welding the panel is joined to circumferential stiffeners in a ‘wrap around” fixture 
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The tables on the roll-spot welders are free wheeling 


and are driven and stopped with the panels by the roll 


spot-welding machine through the friction of the roll 


welder wheels. The roll-spot welding is accomplished 
with intermittent drive and a variable pressure cycle 

Two of the many other structural applications on this 
airplane are the floor beams and the floor panels. The de- 
sign is such that considerable loads are transferred from 
the floor panels through the beams to the body. Class 
\ spot welding is used on these components. The floor 
beams consist of two channel webs spot welded back to 
back. A cap strip is then spot welded both top and bot 
tom. All materials are 2024-T3 clad 

The floor panels shown in Fig. 14 consist of a skin and 
corrugation (2024-T3 clad) joined by roll spot welding 
This roll spot welding is accomplished at the rate of 90 
to 110 spot welds per minute at 0.62-in. spot spacing 
\t this rate of welding external flood cooling is used to 
minimize warpage. Figure 15 shows a floor panel being 


roll spot welded 


Process Control 

It was pointed out earlier that the strength and safety 
of the airplane depends upon the quality and consist 
enev built into the spot welds by an un tanding of 
and careful adherence to, the procedures cle 
vears of investigation and researc} 
the process must be controlled to a 
sults in the end product 

In developing a welding schedule for Class SP (Spe 


pot welding it must he demon trated 


eial Purpose 


on each joint combination that the statie joint strength 
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Fig. 13. Pneumatically operated rubber rollers carry skin 
over lower electrodes during free movement of table to 
preclude damaging outside surface 
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Fig. 12 After attaching to circumferentials, panels are joined to make fuselage sections 


Fig. 14 Atypical spot-welded KC-97 floor panel 


exceeds 50,000 psi and that the failure occurs in the base 
metal, This is accomplished by welding and testing a 
panel as shown in Fig. 16. It is noted that five speci- 
mens are tested for ultimate static strength and two 
specimens are examined metallurgically. The five ulti- 
mate tensile strength specimens must average 50,000 
psi or greater and no specimen can fail below 47,500 psi 


Failure must occur in the base metal in all five speci- 


Metis 


The welds, as indicated by metallurgical examination, 
must be free of internal defects such as cracks, voids 
and porosity, and be within the penetration limits of 30 
to 80°, of the base metal thickness 

A 20-weld, single-spot shear-test panel is welded, cut 
and tested for each interface to establish the single-spot 
shear strength average and demonstrate a consistency 
such that at least 18 of the 20 welds fail within +12! /.% 
of their average and the remaining two welds must fail 
within +25% of the average. 

The surface preparation for this class of welding con- 
sists of chemical cleaning and deoxidizing resulting in a 
surface resistance not to exceed 50 microhms and subse- 
quent wire brushing of the faying surfaces. The wire 
brushing must be accomplished within 8 hr after chemi- 
cal deoxidizing and the parts assembled within '/» hr 
after wire brushing. The welding must be completed 
within 24 hr after deoxidizing. 

During production, a 3-weld, single-spot shear-test 
specimen for each interface and a 3-weld macro section is 
spot-welded cut and tested before starting to weld each 
joint. The average strength of the three single-spot 
shear specimens cannot be lower than 3°, below the av- 
erage strength obtained during certification of the joint 
being tested and none of the three may fail at a strength 


Fig. 15 Roller spot welding skin to corrugation on a typical KC-97 floor panel 
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below the minimum single-spot strength obtained dur- 


Ing certification 

The macro section (see Fig. 17) is cut, polished, 
etched and examined. Acceptable quality with respect 
to penetration and internal defects must be indicated 
After examination, the specimen is cut into a in 
wide strip and there can be no ey idence ol crac king iis 
this Strip is bent through 15 deg across the face of the 
weld as shown in Fig. 17 

These shear tests and macro tests in addition to those 
at the beginning of each joint are also required during 
production of Class SP spot welding at each of the fol 


lowing conditions 


| Within hr 


é- At intervals not to exceed 2 hr for each sheet 


after the nents of each shift 


thickness combination on each machine set up 
or at the end of the run if less than 2 hr has 
elapsed since the last test 

3. At each change in machine setup or change in 
machine settings 

$. Upon replacement of the welding electrodes 

oo. At each change ot alloy, condition or sheet thick- 


ness being welded 


In addition, the ultimate tensile strength is checked 
for the combination having the minimum total thick- 
ness of pile-up and the combination having the maxi- 
mum total thickness of pile-up at 3-month intervals on 
each machine and each shift on which the machine is 
used in production. Five tensile test specimens are 
tested and the requirements are the same as those out 
lined for certification. The purpose of this quarterly 
test is to check the machine operation and the operators 

In developing a certified welding schedule for Class A 
spot welding, a 20-weld panel is welded, cut and tested 


in single-spot shear, The shear strength average must be 


equal to or greater than the minimum average specified 


and no spot may fail at a value below the minimum 


Fig. 17 Macro and bend test 
specimen used for production 
control 
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C. Speciaen for Metallurgical Examination. 


Fig. 16 Joint tensile specimens for qualification of ''special- 
purpose’ spot welding 


single-spot strength specified. (See Fig. 4.) The con- 
sistency again must be such that 18 of the 20 welds 
fail within +12! .°) of their average and the remaining 
two welds cannot fail at a strength within #25°7, of the 
average of the 20 welds 


\ five spot section made on an actual or simulated 


| | | | 
| 
‘ 
a 


section of the part to be welded is welded, cut, mounted, 
polished, etched and examined for metallurgical sound- 
ness. The penetration must be within 30 to 80°%, of the 
sheet thickness and there can be no evidence of cracks, 
The welds must 
be capable of meeting the bend test of the macro section 


voids, porosity, metal expulsion, ete 


as outlined for the special-purpose welding. 

During production, shear tests are used as an index 
to demonstrate that the spot-weld machine is function- 
A three-weld 
panel is welded, cut and tested and the average shear 


ing as it was at the time of certification. 


strength of these welds cannot be more than 5% below 
the average established during certification. These 
shear tests must demonstrate a consistency such that 
the variation does not exceed 0.35 when calculated by 
the formula 
Variation Range 

Average 

Difference between the highest 

and lowest shear strength 
Average of the three single-spot shear specimens 


None of the spot welds, however, can fail at a strength 
below the minimum specified for the material thickness 
heing welded 

The production shear tests for Class A spot welding 
are made for the same conditions as Class SP spot weld- 
ing with the exception of those at the beginning of each 
joint 

\ three-weld production macro section is welded, cut 
and examined for internal defects and to determine that 
the penetration is within the allowable limits of 30 to 
80°). Tlere again, after examination the specimen is 


recut into a 


win, wide strip as shown in Fig. 17. As 
was the case for the SP welding, there can be no evi- 
dence of cracking as the strip is bent through 45 deg 
across the polished face of the weld. The macro section 
is made for the following conditions: 

1. Within hrafter the beginning of each shift. 

2. At the middle and within '/» hr of the end of the 
shift or after approximately 5000 welds, which- 
ever is the lesser during continuous operation 
on the same machine setting or setup 

%. At each change of alloy, condition or sheet thick- 
ness being spot welded 

1. At each change in machine setup or change of 
machine settings. The macro sections are 
made on actual or simulated sections of the 
parts being welded 

The surface preparation for Class A spot welding in- 

cludes chemical cleaning and deoxidizing. The sur- 


face resistance cannot exceed 100 microhms 


Economical Advantages 

It may seem that such controls make the process very 
uneconomical, It is true that spot welding would be 
much cheaper if qualification certification and produe- 
tion testing could be eliminated, However, even with 
this handicap, spot welding is an economical joining 


process because of the rapid rate at which the welds can 


he made 
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As an example, the average cost of assembling and 
spot welding on the 21 aforementioned body panels is 
approximately $0.022 per spot. This cost includes the 
shearing of the skins, layout and assembly time, the 
cost of cleaning the component parts, setting up the 
spot-welding machine, making the required production 
test and the actual spot welding. 

It is quite obvious that on this application rivets, for 
example, could not be installed for this price. This is 
true particularly when it is considered that the externa! 
surface must be flush for aerodynamic smoothness and 
each fastener must be a seal because these panels are 
used on a pressurized fuselage. 

From this it can be seen that there are two inherent 
advantages of spot welding. These are flushness and 
sealing. <A third inherent a lvantage is that spot welds 
join two or more components without adding any 
weight. This is a very important factor in aireraft de 

sign 

It is not the intent to belittle other joining processes 
but rather to point out that spot welding is the most 
economical fastening method on certain applications 
and that very good joint strengths, quality and con- 
sistency can be obtained. 

It would not be economically feasible to design for 
spot welding where only a few fasteners are required per 
assembly unless the quantity of parts is large. The real 
economy lies in those applications which require many 
fasteners so that the cost of surface preparation and 
process control may be low per spot weld. 

Future Test Work 

A test program is currently being conducted to deter- 
mine the fatigue life of spot-welded joints. It is too 
premature to make any definite conclusions but trends 
indicate that fatigue life of a special purpose joint is in- 
creased by the addition of a third row of spot welds al 
though the third row does not indicate any appreciable 
increase in static joint strength. 

As an example in an 0.40- + 0.040-in. butt splice with 
an 0.064-in. splice plate, the fatigue life, based on the 
stress level of a particular design, with 2 rows of spot 
welds at I-in. row spacing and '/>-in. spot spacing varied 
from 33,000 to 52,000 cycles. 
with three rows of spot welds at 


In the same combination 
'/>-in, row spacing and 
'/-in, spot spacing, the fatigue life varied from 66,900 
to 142,800 cycles 


were 51,400 and 52,400 psi, respectively 


The static strengths by comparison 


\ test program is also planned to determine the effect 
of the internal structure of the spot weld on fatigue life 
This test is planned to compare fatigue strength of 
welds which contain internal cracks as indicated by ra 
diography; welds which radiography indicates are 
erack free but will not meet the aforementioned bend 
test; and welds which will meet the bend test require 
ment 
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Fiz. | Applying high-chromium iron to catalytic lift pipes by submerged-arc welding 


SURFACING WITH COMPOSITE TUBE ROD 


Preblended metal powders, in a con- 
finuously formed mild steel tube, 
used for automatic hard-facing 


and surfacing applications 


ABSTRACT Hard facing and urlacing of both new ind worn 


components have gained increased usage throughout industr 


over the past der ule Most of the allo suitable for hard-lacing 
tpplications are produced in the cast form, suitable or for ap 
plication by the ox cetvlene or manual metallic-are-welding 
processes Since these allow oO not posses the mechanical 
properties nece uw for produ thor thy rought coils 
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of wire and rod, it had not been possible previously to adapt them 


are elding operations 


demand of industry for materials suitable for 


proces composite tube rods were de 


onsist of preblended metal powders 


ormed mild steel tube This type material 


coils and cut lengths suitable 


rin 
lding When coated, they are amenable 


by use ol this type rod to obtain deposit 


r the application Fortified stainless steel 


ited for metallic burn-out, low chromium 


illo high-chromium irons, and other 


is are a few examples of these “tailor-made” 


been an accepted method of reclaim 


nts, providing wear-resistant over 


and reclaimed parts and, in some 


j 
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Fig. 2a First layer deposit of high- 
chromium iron rod 


instances, providing overlays with heat- or corrosion- 
resistant properties. With the advent of automatic 
welding processes, there has been increased demand for 
materials with chemical compositions exhibiting cer- 
tain physical and mechanical properties, such as wear 
and abrasion resistance, impact resistance, work- 
hardening capacity, corrosion resistance and hardness 
However, because of the physicel and mechanical prop- 
erties of certain of these alloys, it has been possible 
to furnish them in a cast form only. For this reason, 
the alloys were suitable only for manual metallic-are 
or oxy-acetylene methods of deposition 

To provide these materials in a form amenable to 
automatic welding requirements, it was necessary to 
develop composite tube rods. The tube rod products 
are usually made on a tube mill, wherein a contin- 
uously formed steel tube is filled with various per- 
centages of metal alloy powders. ‘These filler powders 
are prepared by blending together various commercially 
available powdered metals and alloys, such as fer- 
rochromium, ferromanganese and other materials of 
this type, in ratios required to produce the desired 
chemical analyses. The heterogeneous mixture ts 
then fed into the tube in the proper sheath-to-filler 
weight ratio required to produce a desired analysis in 
a deposit 

It is usually necessary to incorporate a binder with 


the filler material which can be set 


Fig. 2b Second 
high-chromium iron rod 


Third layer deposit of high- 
chromium iron rod 


layer deposit of Fig. 2c 


approximately the same grain size and nearly the same 
density to avoid separation or segregation of materials 
in the powder-blended form. Therefore, the blending 
time, type of blending equipment and material are 
extremely important. Care must be exercised when 
conveying the material to the tube filling station and 
when filling the tube to avoid material segregation 
Proper production techniques are also required when 
filling the tube to produce uniformly filled rod free of 


voids 


General Utility 


To understand these materials better, it is necessary 
to examine some of the advantages, process limitations 
and typical materials available 

The advantages of composite tube rods are realized 
by obtaining special compositions, not otherwise avail- 
able in wrought form, that provide special properties 
to the parts or base material to which they are applied 
These materials, because of special composition, are, 
in general, more economical and, in many instances, 
are replacing the relatively more brittle cast materials 
The tube rods can be readily applied by the automatic 
welding methods, both metallic-are and oxy-acetylene 
These materials are also available as stick-type elec 
trodes for are welding, and as bare rods for oxy-acety 


lene applications 


by heat. ‘This binds the filler ma- 
terial securely within the tube and 
prevents sifting of the filler from 
the tube during handling, shipping heat ¢ 
and subsequent use ' 0 


Material Control 
‘ io 

In order to maintain a uniform " 1.00 
material quality standard, it is 5 3.00 
0 75 


necessary to use metal powders of 


Table 1—Composition of Several Types of Composite Tube Rod Submerged Melt 


Deposits 

Hard 

Element, NESS 

Vn Si Mo WW Fe avg 
5 00 0 80 0 80 Bal 5 60 
9 00 0 60 115 Bal 52-40 
27 0.65 Bal 4452 
14.00 1 00 Bol 28-35 
17 00 16 00 Bal 56 62 
7 50 1 00 1 00 1.75 Bal 4049 
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The manufacturing process is generally limited by 
the amount of filler material that can be contained in 
the tube. This limits the alloy composition that can 
be obtained to about 50°, of the total filled rod weight 
However, for special high-alloy compositions, nickel, 
nickel chromium alloys and Various other alloy sheet 
materials may be used as the tube 

The most popular types of materials available in 
these forms are the martensitic low-chrome irons vary 
ing in chromium content from 2 to 10° 

Pungsten, molybdenum, vanadium, carbon, silicon 
boron and other elements are added in combinations 
and amounts necessary to secure the desired results 


(see Table | 


High-Chrome Iron Alloy Rod 

Materials of this type have high cold-hardness, wear 
and oxidation resistance. Because of the chromium 
level (27° >) in this material, it may be used succes fully 
in service up to temperatures of L100° F (see Fig. 2 
The structure of this alloy consists of primary iron 
chromium carbides in a matrix of tron-chromium solid 
solution and secondary iron-chromium carbides Phe 
photomicrographs represent one-, two-, and three 
layer deposits The effects of dilution on the deposit 
structure are quite apparent he factor of dilution 
is extremely important and should be carefully con 
sidered when selecting a surfacing material. Mate 
rials of this type (see Table have excellent weat 


resistant properties since — the structure contains 


chromium in) the carbide form ( hromium carbide is 
one of the most important wear-resistant ingredients 
and a common ingredient in the majority of hard-facing 
materials 

This alloy is recommended for surface overlays sub 
jected to moderate impact and severe abrasion such as 
gyratory and gyrospheric crushers, pipe sizing dies 
catalytic lift pipes and flaking rolls. The flaking roll 
shown in Fig. 3 weighs 2300 Ib, with a 4-ft face, and a 
2-ft diam. This roll was surfaced with a high-chrome 
iron alloy by the submerged-are process. The surface 
was crack-free after welding and grinding 

This alloy has also been used for surfacing catalytic 
lift pipes which are subjected to abrasion and erosion 
at operating temperatures up to LL00° I This 
deposition is usually performed by submerged-ari 
welding as shown in Figs. | and 4. Figure 5 shows 
a section of surfaced pipe Note the dilution with the 
base material and the surface appearance 


since this alloy Contains high pe reentages ol chrom 


Table 2-- Composition of High-Chromium Irons 


Hard 

( Vn ( Ke amg 

Nominal 2.75 0 65 27 50 Bal 

Weld 

Ist layer 1.70 1.72 18 34 Sa] 13°45 
2nd layer 1 84 20 51 sal 5 50 
3rd layer 2. 02 | 8S 22.75 sal 1-50 
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Fig. 3. Flaking roll hard-faced high-chromium iron by sub- 
merged-arc process 


Fig. 5 Cross section of hard-faced deposit on catalytic 
lift pipes 


lum and carbon, it is necessary to preheat the part to 
be surfaced to approximately 600° F to eliminate or 
The part should 


minimize cracking during welding 


be shielded from drafts during the welding operation. 
Should the parts be extremely large, such as the roll 
shown in Fig 3 it may be necessary to stress relieve 
at 1300 to 1350° F tor a proper time followed by a slow 


furnace cool 


The hod Surfacing 


- 
Fig. 4 Close-up of the hard-facing of catalytic lift pipes 


Poa, 


Fig. 6 Submerged-arc deposit of medium chromium- 
manganese-iron rod 


Medium Chrome-Manganese-lron Alloy Rod 
(Work-Hardening) 

A medium chromium-manganese-iron, work-harden- 
ing type alloy, with analysis similar to that shown in 
Table 3 is designed for applications where extreme im- 
pact and moderate abrasion are encountered. This 
material excels in impact crusher and pulverizer service. 

The photomicrographs shown in Figs. 6 and 7 are of 


Fig. 8 
Hard-facing by submerged-arc welding the spout area 


Culbertson 


Fig. 7 Metallic-arc deposit of medium chromium-man- 
ganese-iron rod 


submerged-are depositions, This alloy, when deposited, 
retains austenite on normal air cooling from welding 
temperature. The austenite thus formed is unstable 
On deformation or cold-working, cementite precipitates 
from the solid solution to produce additional hardness 
This material has a deposit hardness of Rockwell-C 28 
to 35 and work-hardens to Rockwell-C 45. Typical 


applications are dipper and drag-line bucket lips, teeth, 


Fig.9 Copper ladle after hard-facing was completed 
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Table 3-—Composition of Medium-Chromium-Manganese- 
Iron Rod (Work-Hardening) 


W ork 
Hard- hard- 


Nominal 1 00 5 14.00 Bal 
Weld 

Ist layer 0 64 12.31 Bal 
2nd layer 0 66 15.30 Sal 


3rd laver 0 62 5.53 sal 


latches, tractor and earth mover treads, links and pins, 
idler rolls, rollers, track pads, ete 

\ particularly interesting application of this alloy is 
shown in Figs. 8 and 9. This is a 23-ton ladle used to 
pour molten copper This ladle was surfaced with the 
chrome-manganese-iron alloy by the submerged-are 
process. The ladle was faced over the bottom surface, 
6 in. up the sides, and in the pouring spout areas 

The bottom of the ladle was covered by rotating the 
ladle while holding the welding machine stationary 
The welding speed was 7 ipm. The spouts were sur 
faced by laying the ladle on its side and moving the 
welding machine back and forth in 2-ft sweeps along 
the spout area. The */j-in. thick deposit on all lined 
surfaces required about 900 Ib of chrome-manganese 
iron tube rod 

The ladle was surfaced to retard the severe eroding 
effect of molten copper when poured into the ladle and 


out over the spouts. 
Medium and Low Chromium-Molybdenum-iron 
Alloy Rods 

The medium and low chrome-molybdenum-iron 
alloys (see Tables 4 and 5) generally produce deposit 
hardnesses of Rockwell-C 45 to 60 


usually martensitic with some untransformed austen 


The deposits are 


ite (see Figs. 10 and 11) 

The resistance of these materials to abrasion, erosion 
and galling is very good although the resistance to im 
pact is rather low. These factors depend on the hard 
ness of the martensitic deposit \s hardness increases 


abrasion resistance increases and impact resistance 1s 


Fig. 10aq_ First layer deposits of low 
chromium-molybdenum-iron rod 


Table 4--Composition of Low-Chromium-lron Rod 

Hard- 
ness 
Vin Mo Fe avg 

Nominal 060 0.80 5.00 080 Bal 

Weld 

Ist laver 042 092 282 O54 Bal 45-47 
2nd laver 05 104 3 0.66 Bal 57-58 
3rd laver 0.57 1.14 3 0.76 Bal 57-59 


Table 5-—-Composition of Medium-Chromium-lron Rod 
Hard- 
ness, 
Vn cy Vo Ke avg 

Nominal 060 900 1.00 Bal 

Weld 

Ist laver 63 1.60 7 1 Ol Bal 52-54 
2nd layer 1 80 2! 120 Bal 54-00 


3rd layer 1 80 , 1.35 Bal 54 60 


Table 6 Composition of Chromium-Molybdenum-Tungsten- 
lron Alloy 
Hard- 
NEAR 
( avg 
Nominal 0 S85 
Weld 
Ist layer O6l 5 OL O70 
2nd laver 066 7 22 1.02 


3rd layer 0.75 64 0 46 


lower, Since these materials contain from 5 to 10% 
chromium, they have fair resistance to sealing; how- 
ever, they should be used only on jobs involving low 
temperatures since the hardness of these materials 
drops rapidly as the temperature increases 


These materials have found wide usage for building 


up tractor rollers, tractor idlers, sheave wheels, roll 


necks, roll faces, scraper blades and other applications 
requiring good cold-abrasion properties, 


Chrome-Molybdenum-Tungsten Alloy Rod 

This alloy is an example of the special composition 
type material, previously mentioned, that may be 
obtained by using composite tube rod. The small 
amount of tungsten added to this composition (see 


Table 6) imparts added abrasion resistance 


Fig. 10b Second layer deposits of Fig. 10c Third layer deposits of low 
low chromium-molybdenum-iron rod 


chromium-molybdenum-iron rod 
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ness, ness, 
Vn Fe arg 
28-35 12-48 
24-29 
. 


Fig. 11b Second layer deposit of medium chromium- 


Fig. lla First layer deposit of medium chromium-molyb- 
molybdenum-iron rod 


denum-iron rod 


12c Third layer deposits of 
posits of chromium-molybdenum-tung- chromium-molybdenum-tungsten alloy 
sten alloy rod 


Fig. 12a First layer deposits of chrom- 
ium-molybdenum-tungsten alloy rod 


* ot 


of Fig. 13b Second layer deposits of Fig. 13¢ Third layer deposits of 
chromium - molybdenum - cobalt-carbon chromium - molybdenum - cobalt - carbon 
alloy rod alloy rod 


Fig. 130 First layer deposits 
chromium - molybdenum - cobalt -carbon 
alloy rod 


R66 Culbertson—Tube Rod Surfacing THe JouRNAL 


é 


Fig. 14 Typical microstructure of a gas deposit of chrom- 
ium-molybdenum-cobalt-carbon alloy rod 


Photomicrographs ol a deposit show a white ferritic 
matrix with dark tempered martensite and pearlite 
in the first layer (see Fig. 12.4 The weld junction of 
the second and third layers (see Fig. 12B) has a micro 
structure in the second layer, at the right, of white fer 


rite and dark tempered martensite with pearlite. A 


third layer, at the left, consists of an austenitic matrix 
and martensitic precipitates. The third layer deposit 
(see Fig. 12C') near the surface has an austenitic matrix 
(white) with dark martensitic precipitates, 

This material has been used as an abrasion-resistant 
overlay on tool joints, crane wheels, shovel idlers and 


coiler rolls 


Chrome-Molybdenum-Cobalt-Carbon Alloy Rod 

This is another example (see Table 7) of a very com- 
plex material that may be produced as a composite 
tube rod. ‘This material is suitable to handle severe 
abrasion with only moderate impact as might be en- 
countered in sand and gravel equipment. 

The resistance to abrasion is brought about by high 
carbon and chromium with the addition of tungsten 
and/or molybdenum to give resistance to frictional 
heat and strength at high temperature, Cobalt and/or 


nickel is added to increase the resistance to corrosion 


Table 7 Composition of Chromium-Molybdenum-Cobalt- 
Carbon Alloy Rod 


Hard- 


% NERS, 


Vo Co Fe avg 
Nominal 7 00 16 00 5 00 Bal 
Weld 
Ist layer 32 11.17 11.84 4.42 Bal. 1.14 52-56 
2nd layer 14.33 15 30 5 61 Bal. 1.20 ho 
3rd layer 15 58 15.94 5.94 Bal. 1.21 6 60 


Fig. 15 Mechanized application of tungsten carbide tube rod to hammer mill hammers by the oxy-acetylene process 
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Fig. 16 Installation of the hard-faced hammers in a hammer 
mill 


Fig. 17 Hard-faced band of tungsten carbide being ap- 
plied to oil well tool joints 


RON Culbertson 


Tube Rod Surfacing 


and oxidation at high temperatures. This very com- 
plex composition is unique in high “as-deposited”’ 
hardness (Rockwell-C 62) with an ultimate strength of 
10,000 psi and a compressive strength of 400,000 psi. 
Figure 13 is an example of the deposited (submerged 
arc) microstructure of the first, second and third layers. 
Figure 14 is an example of the microstructure of a gas 
deposit with this alloy. The white areas are primary 
chromium carbides, with dark areas of M,C in an iron- 
chrome-cobalt solid solution and secondary chrome car- 
hides. This material has found wide usage in the hard 
facing of plowshares, pug mill pusher shoes, cement 
chutes, fan blades and pump impeller blades. 


Tungsten Carbide Rod 


One of the more familiar types of composite tube rod 
is the mild steel tube filled with granulated tungsten 
carbide particles. These rods are produced in forms 
suitable for oxy-acetylene, metallic-are and automatic 
metallic-open-are applications. These materials are 
furnished in various weight percentages of crushed 
tungsten carbide such as 60% of crushed tungsten 
carbide to 40% mild steel tube. The rod is made in 
various tungsten carbide mesh sizes such as 10 on 20, 
20 on 30, 30 on 40, 40 on 60, 60 on 100, 30 on LOO or 
other sizes as needed. 

To obtain the most wear-resistant deposit and sub- 
sequent retention of tungsten carbide particles in the 
deposit, the oxy-acetylene welding process is used. 
Tungsten carbide composite tube rod may be applied 
by the manual metallic-are or automatic metallic-are 
process, but with reduced tungsten carbide particle 
retention. Due to penetration, force of the are and 
high density of the granular material, most of the 
tungsten carbide particles are found near the bottom of 
an are deposit. 

This material has found wide usage for hard facing 
of hammer-mill hammers, tool joints, rotary drill bits, 
plowshares and other applications subjected to severe 
abrasion. 

Several methods of applying tungsten carbide com- 
posite tube rod have been devised for flat and cylin- 
drical applications. Figure 15 shows a mechanized 
application to tungsten carbide tube rod, by the oxy- 
acetylene process, to hammer-mill hammers. ‘These 
hammers are usually stacked side by side in lengths up 
to 3 ft 
width of the part by using a multiple-flame welding head 


The hard-facing material is applied to the full 


and utilizing an oscillating movement of the welding 
head during the linear traverse of the parts. The parts 
are hard faced on both ends and then broken apart 
Figure 16 shows the installation of hard-faced hammers 
in a hammer mill 

Figures 17 and 18 show the application of tungsten 
carbide composite tube rod to tool joints, utilizing the 
mechanized cylindrical oxy-acetylene equipment for 
this deposition. Figure 17 shows a hard-facing band 
while Fig. I8 shows the hard-facing material being 
applied to grooves in the tool joint 

The submerged-are welding process is one of the most 
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widely used for field reclamation of tool joints, collars 
and other drilling equipment. If the shoulder of the 
tool joint is worn badly, it is usually rebuilt using a suit- 
able high-tensile solid rod and the submerged-are 
welding process. A build-up bead is then applied to 
the preheated joint (600° F The bead is applied in 
a manner to simulate a thread helix with a double lead 
(see Fig. 19). This bead is applied by the submerged- 
are process utilizing a 4.00 to 7.00°7 chromium-bearing 
composite tube rod. The tungsten carbide composite 
tube rod is then applied in the groove between the beads 
(see Fig. 20 The material is applied by the open-are 
process to pro\ ide good retention of carbide parth les 
in the weld deposit. By depositing the tungsten car- 
hide in the groove formed by the weld heads, the de- 
posit and tungsten carbide particles are kept above or 
at the surface of the tool joint. This minimizes wear 7 wei 
on the joint. Figure 21 shows a tool joint with the 


Fig. 19 The bead is applied in a manner si:nulating a 
weld deposits worn down thread helix with a double lead 


Summary 


From the foregoing discussion, we may draw a 
comparision between composite tube rod alloy com 
positions and wrought or cast alloy rod COMPpPositlons 
The most outstanding advantages of the composite 
rods are 

| Special alloy Compositions are avi 

2. Composite rods are usually more economical 

than comparable cast rods 
The tube rods can be adapted to automatic 


welding processes 


Although tubular rods of special or high-alloy com 
positions may be produced inexpensively, it must not 
be construed that they will compete with solid wire 
such as Type 420 stainless steel, high-carbon steel wire, 
or any wrought alloy composition which can be easily 


drawn into wire 


Fig. 20 Tungsten carbide is applied to grooves between 
the buildup beads shown in Fig. 19 


Fig.21 Here is a tool 
joint with the weld 
deposits worn down. 


: 3 Note the tungsten car- 
Fig. 18 Setup for mechanized facing of oil well tool joints ale bide particles 
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ABSTRACT. An improved method for the comparison and 


evaluation of fuel-oxidant combinations for gas beating applies 


tions is suggested. The product of normal burning velocity and 
the heating value of the combustible mixture is shown to be a 
more significant parameter than flame temperature A number 
of methods of computation of this factor called “combustion 
intensity” and their interpretation are discussed, Experimental 


verification of the computed comparative values is presented 


Introduction 
The selection of a particular fuel gas-oxidant combina- 
tion to meet specific heating requirements is based prin- 
cipally upon technical and economic considerations. 
It ix the purpose of this paper to propose an analytical 
method by which the performance of various systems 
may be made and to offer experimental evidence of the 
validity of the method. The use of the computed per- 
formance of a number of systems then will allow one to 
resolve the economic considerations 

Of principal technical interest is the ability of a burn- 
ing fuel-oxidant system to heat a workpiece to a de- 
sired temperature in the minimum time. By desired 
temperature is meant not only the surface temperature 
at the point of flame application, but also the tempera- 
tures of the surface at distances away from the point 
of application and the temperature profile within the 
badly of the workpiece. The last-mentioned factor is 
principally a function of the thermal conductivity of 
the material and not of the combustion system The 
configuration of the surface temperature map is due to a 
combination of the thermal conductivity of the work 
and the condition of the secondary flame reaction prod- 
ets 

The premise of minimum time required to heat a 
localized area to an elevated temperature is applicable 
to any gas-heating process and is only a matter of de- 
gree whether it be welding, oxygen-cutting preheat, 
hardening, ete. However, the factors mentioned above 
govern the rate of heat input which should be a maxi- 
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EVALUATION OF FUELS AND OXIDANTS 
FOR WELDING AND ASSOCIATED PROCESSES 


Authors propose an improved method for comparing and evaluating 
fuel-oridant combinations for gas heating applications 


Fuels and Oxidants 


By W. B. MOEN AND J. CAMPBELL 


mum, and the time of heat application which should be a 
minimum 
Basically, the problem is resolved into how the energy 
from an open flame is transferred to the workpiece 
surface, Six mechanisms have been suggested as fol- 
lows 
|. Foreed convection from the combustion products 
to the work. 
2. Radiation from the flame to the work 
3. Exothermie catalytic combination of active 
species on the workpiece surface 
!. Catalytic combustion on the solid surface 
5. Transfer of excess energy from high energy gas 
molecules to the solid by collision 
6. Exothermice equilibrium displacement 


The last four of these items have been shown to ex- 
hibit little effeet. Radiation transfer has been meas- 
ured, and contrary to popular opinion, contributes as a 
maximum only about 15°) of the total available 
heat Consequently, the forced convection mode is 
controlling and any measurement of this parameter 
with different systems will be indicative of their per- 
formance for commercial use. One such parameter 
called “combustion intensity,” or “specific flame out- 
put,”’ will be described herein. 

The economic comparison for any one application 
should include not only the cost of the iises themselves, 
but also the cost of the gas handling system, and a real- 
istic appraisal of the labor chargeable to the application 
Some systems which may satisfy both technical and 
economic requirements may be precluded from use by 
other factors such as toxicity and corrosiveness of 


either the raw gases or the combustion products 


Flame Temperature 


The thought that the performance of fuel-oxidant 
systems can be evaluated by flame temperature long 
has been held. However, if the effect of temperature 


on both convection and radiation heat transfer is ex- 
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amined, it can be seen that temperature is a secondary 
and not a controlling factor 

Figure | illustrates the adiabatic flame temperature 
of a number of fuel gases burned with oxygen over a 
wide mixture range as computed by the method of 
Hottel, Williams, and Satterfield 


propane, each burned at its metallurgically neutral 


For acetvlene and 


ratio, 1.€., approximately 5O and 20%, by olume of 
fuel, respectively, the temperatures are 5420 and 5190 
F, respectively In the case ot radiant energy inter 
change, if it is assumed that all factors in the Stefan 
Boltzman equation except temperature remain the 
same with relation to each other during each heating 
cycle, the heat transfer will be dependent only upon the 
difference of temperatures of the flame and work, each 
raised to the fourth powel If it is assumed that the 
workpiece is originally at 70° F and will be heated to 
2000° F, the following proportionality will hold 


leelylene opane 


‘lame te (> 
Flame temp | 1195 10" 1020 10! 


{ 
100 


| Work temp it 
start (° R 0.08 10% O.O8 & 10° 


100 
Work temp at 7 
R 
2456 10* 36.6 X 10 
L LOO | 
b+e 
(d a 1177 10° 1002 & 10 


Now, taking acetylene as the base, the propane use 
results in a radiant driving force only 14.90, lower than 
acetvlene. When it is realized that only a maxi 
mum of 15°) of the energy transferred is by radiation 
the difference between the fuels is only 2.20; 

If forced convection now is considered, the tempera- 
ture difference enters as the first power and for propane 
if all other conditions are held constant only about 5°; 
less energy will be transferred 

Consequently, the argument based solely upon tem 
perature considerations is seen to be fallacious and one 
must look for another measure to compare different 
fuels 


Combustion Intensity 

The quantity “combustion inter on pecifie 
flame output,”’ has been advanced by others as a supe 
rior measure of the performance of a combustion system 
than flame temperature It is loosely defined as the 
product of the heating \ alue of themixtureand some tune 
tion of the normal burning velocity of the mi ed gust 
[It will be noted that the composite term is 4 measure 
of the rate of heat release per unit area vhich justifies 
its use as a Measure of convective heat transfer Dhose 
systems having few mols of products produced upon 
combustion generally have a high burning velocity 
e.g., oxy-acetviene and oxy-hydrogen, and consequet tly 
release the energy over a area This advant ive 


mav be offset in some cases by a low heating ue of 
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Fig. | Calculated adiabatic flame temperature of various 
fuel gas-oxygen mixtures 


the mixture which is determined by both the net calorific 
value of the gas and the mixture ratio, e.g., oxy-hydro- 
gen 

\ number of interpretations of combustion intensity 
have been described in the literature. For example, 
the definition by Smith® considers only the total flame 
performance with no distinction between primary and 
secondary combustion lurthermore, he sugyests that 
fuels should be compared only at the point of maximum 


msequently, his definition may be 


burning velocity ( 
written as 
‘Total combustion mtensity 
Max normal burning velocity 
Net heating value of mixture at the composition 
corresponding to maximum normal burning veloe- 
ity 


It is believed that maximum flame speed mixture ratios 
do not represent a basis for comparison ol fuel-oxidant 
systems because, practice, these mixture ratios 
seldom are ed 

Passauer’ and Kunz both define combustion in- 
tensity in terms of over-all flame output but do not con- 
fine their interpretation to the point of maximum burn- 
ing velocity Kunz attempts to evaluate the fuels at 
mixture ratios with oxygen when used for oxygen- 
cutting preheat However, some of his values of usable 
mixture ratios, notably oxy-propane, are suspect 

gruckner and Lohr. and Perry’ who summarizes 
their work. take cognizance of the difference between 
primary and secondary combustion intensity, whose 
sum equals the total combustion intensity. However, 
one big difference in the definition 1s that Bruckner and 
Lohr define combustion intensity in Btu per square 
foot of port area per second, whereas the other sources 
define it as Btu per square foot of primary cone area per 
second Phe burning velocity is utilized by Bruckner 
and Lohr but corrected by a tactor equal to the 


ratio of cone area to port area This conversion, in 
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Fig. 2. Normal burning velocity of various fuel gas-oxygen 
mixtures 


be effect, evaluates the flames partially in terms of exit 
orifice gas velocity. This method does have the ad- 


vantage of attempting to define the importance of exit 


velocity and eliminates the cone height effect but does 

introduce an equipment dependency faetor. In ad- 
x dition, in determining heating value of the mixture 
3 going to primary combustion products, Bruckner and 
* : Lohr use only an approximate method. 


To reconcile the above mentioned differences in defi- 
nition and interpretation, both primary and total com- 


bustion intensities for the range of mixture ratios for 
which the basic data are available are presented herein. 
It is believed that values based upon flame area are 
more fundamental than port area and for this reason a 
flame area basis has been used. The following relation- 


ships have been used : 


(a) Primary combustion intensity 
Normal burning velocity X 
| Net heating value of the mixture going 
a7 only to primary cone combustion products 
(b) Total combustion intensity 


Normal burning velocity x 
Net heat value of the mixture going to com- 
plete combustion 
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Fig. 3 Total net heating value of premixed systems within 
flammable range 


(¢) Secondary combustion intensity 
Total combustion intensity 


Primary combustion intensity 


One will observe that all fuel-oxidant combinations 
have a full range of combustion intensities that may 
overlap each other depending upon the mixture ratios 
considered, The only limitation to this observation is 
the flammability limits of the gases under consideration 
It will be noted below that these limits are so wide that 
they never will be approached in practice. 


Flammability Limits of Fuel Gases in Oxygen 


Percent by volume 


Lowe r pper 
Carbon monoxide 15.5 93.9 
Methane 5.4 5 2 
Hydrogen 47 3.9 
Propane 2.5 51.0 
Acetylene 2.5 93 0 


Methylacetylene 


The mixture ratios of greatest industrial interest are 
those that are metallurgically neutral to the work- 
piece, only slightly oxidizing or carburizing, again with 
reference to the work, and stoichiometric. 

The information presented in the remaining portions 
of this section evaluates the individual factors entering 
the composite combustion intensity definition 
Normal Burning Velocity 

Normal burning velocity is a fundamental combustion 
property and is defined as the velocity with which a 
plane flame front moves normal to its surface through 
the adjacent unburned gas. A number of methods for 
measurement of burning velocity are available, but 
disagreement on results obtained makes the selection 
of the absolute values difficult. The values of normal 
burning velocity used in this paper were those obtained 


by the visible cone method. The data are shown in 


Fig. 2. 
Heating Value 

The computation of the three previously defined com- 
bustion intensities requires the use of the appropriate 
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Fig. 4 Gravimetric composition of various fuel gas-oxygen 
mixtures 
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Fig. 5 Composition of products of inner cone of CH,-O, 
mixtures 
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Fig. 6 Net heating value of various fuel-oxygen mixtures 
going to primary combustion products within flammable 


range 


net heating value. The total combustion intensity 
requires the use of the net heating value of the entering 
mixture which is merely the product of the heating 
value of the fuel times the percent fuel in the mixture 
The results of this calculation for the fuels of interest 
within the fammable range are shown in Fig. 3. Indi- 
cated in Fig. 4 is the composition, both volumetric and 
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Fig. 7 Primary combustion intensity of various fuel gas- 
oxygen mixtures 
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Fig. 8 Secondary combustion intensity of various fuel gas- 
oxygen mixtures 


gravimetric, of the same fuels in oxygen as a function of 
fuel-oxidant ratio 

The computation of the heating value of the entering 
mixture going only to primary combustion first involves 
the calculation of the equilibrium composition of the 
primary cone product The method of Hottel, 
Williams and Satterfield? may be applied to determine 
these intermediate product Values for all of the fuel 
gases considered have been computed, A sample com- 
putation is shown for methane in Fig. 5. Two weak- 
nesses of the source data were met, One is the consid- 
eration that only CO, He, and are 
active species in the CHON system, whereas the high- 
temperature oxidation reactions actually produce in 
addition to these products O, H, N, OH. Another 
weakness is that the upper temperature limit of the 
reference charts is below the flame temperatures en- 
countered for most fuel-oxygen systems. However, 
work done by others, using more elaborate computa- 
tional methods and experiment, has indicated that the 
results of both intermediate products and flame tem- 
perature are in surprisingly good agreement, 

Once the intermediate products have been deter- 
mined, the summation of the heats of formation of each 
of the products weighted according to the composition 
may be made. The results of this last set of caleula- 


tions tor all the fuels are shown in hig. . 
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Fig.9 Total combustion intensity of various fuel gas-oxygen 
mixtures 


Combustion Intensity 

Levels of combustion intensities for all the fuels for 
wide ranges of mixture ratios were computed by the 
methods previously defined. The results are shown in 
Figs. 7, S$ and 9. Of greatest interest are the relative 
values of the fuel-oxidant mixtures at the stoichiometric 
and so-called neutral mixture ratios, the last term being 
defined as a mixture ratio which produces no oxidation 
or carburization on the surface of a steel workpiece. 
The values of percent by volume fuel for both ratios are 


as follows: 


Stowchio- 


metru Veutral Veutral fuel, % 

mirture mirture Stowhiometru fuel, % 
Acetylene 28.6 9 1 71 
Propane 67 1.14 
Methane Ww) 1.24 
Hydrogen “6.7 80 1.20 
Methylacetylene 20.0 45 1.75 
Carbon monoxide 66.7 


It will be noted from the last column that there is no 
consistent relation for the neutral mixture ratio in terms 
of the stoichiometric mixture ratio 


Experimental Verification 

To determine which concept of combustion intensity 
is of use, a correlation between computed and experi- 
mental values was attempted. The experimental ap- 
proach was based upon the premise that minimum heat- 
ing time for a given heat input is required. 

The equipment used is shown in Fig. 10. A 2- x 
1!» x Qin. insulating brick was recessed to retain 
tightly a 2-in. diam by l-in. thick disk of SAE 1020 
steel. For each test specimen, surfaces were machine 
finished to a smoothness that would eliminate effects of 
tool marks. ‘The various fuel gases and oxygen tested 
were obtained from commercial sources and in each in- 
stance they were reduced from source pressure and sepa- 
rately metered by fixed orifices before being admitted to 
the torch, mixer and tip assembly shown in Fig. 10. 

For each test conducted the flame was played on the 
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Fig. 10 Heating test 
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Fig. 11 Correlation of combustion intensity and heating 
time 


center of the disk and the time interval from the start 
of heating until the first indication of fusion was re- 
corded, The primary cone tip-work separation was 
maintained at approximately '/j, in. It has been 
noted from previous laboratory work that small varia- 
tions from this separation will not appreciably affect 


heating times. 


Four series of tests were run as follows: 
(a) Stoichiometric mixture) 
Assuming complete 

ratio 
(b) Neutral mixture ratio \ 
(ec) Stoichiometric mixture 
ratio mary combustion 


combustion 


Assuming only pri- 


(d) Neutral mixture ratio \ products 

For series (a) and (6) a total heat input of 10,000 Btu 
per hour released by complete combustion for each 
fuel-oxidant system was obtained by adjusting indi- 
vidual gas flow rates. For series (c) and (d), a heat input 
of 2500 Btu per hour going only to primary combustion 
products was experimentally obtained in the same man- 
ner. In all four tests the tip orifice had to be changed 
to maintain stable flame conditions. In this work the 
neutral ratio has been considered to be the maximum 
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Compl te 


Complete 


Primary 


Fue 
Acet lem 
Hydrogen 
Methylacety lene 
Methane 
Propane 
Carbon monoxide 
Acetylene 
Hydrogen 
Methylacetylene 
Methane 
Propane 
Carbon monoxide 
Acetylene 
Hydrogen 
Meth 
Methane 


Propane 
ropat 


lacetyvlene 


Carbon monoxide 


Table 1—Results of Heating Time Tests 


VM ixture 
Stoichiometriu 
Stoichiometri 
Stoichiometriu 
Stoichiometry 
Stoichior trie 
Stoichiometrie 
Neutral 
Neutra! 
Neutral 
Neutral 
Neutral 
Neutr il 
Stoichiometru 
Stoichiometriu 
Stoichiometri 
Stoichiometric 
Stoichrometri 


Stor hiome tri 


Primar Acetylene Neutral 
Hydrogen Neutral 
Methylacety lene Neutral 
Methane Neutral 
Propane Neutral 
Carbon monoxide Neutral 


* No heating times obtainable even when using a No, 12 (0.161 


oxygen-fuel gas ratio whose primary combustion prod- 
ucts are metallurgically neutral to the workpiece, 1.e 
do not the 
Conceivably, there are other applications of these fuel 


visibly oxidize or carburize top surface 
gas-oxygen systems for which a neutral ratio would be 


slightly different. The average results of a large num- 


ber of runs for each test condition are shown in Table 1 


Discussion of Results 

\ graphical correlation of computed combustion in- 
tensities, both primary and total, with heating times for 
stoichiometric and neutral mixture ratios is shown in 
Fig. 11 
hase but since acetylene generally resulted in shortest 
It can be 


Any fuel-oxidant system may be taken as the 


heating times, it was selected seen, with 


but two exceptions, that excellent correlation was ob- 
tained for the consideration of either primary or total 
combustion intensity. For both exceptions, since the 
heating times were determined accurately by experiment 
the 


In this term only the burning 


adjustment could be made only in combustion 


intensity term velocity 
can be considered and since widely different values are 


given in the literature, the ones selected may be er- 
roneous 

Since both primary and total combustion intensity 
have 


may be considered valid for comparison of fuel 


shown agreement with experiment, either one 


oxidant 


systems However uu consideration ol primary and 


secondary combustion intensities will indicate the ap 
portionment of total heat to localized and diffuse heat- 
ing for specific applications. The fuels considers d have 
the following values at the neutral mixture ratio 
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Heat Tip Heatin Combustion intensity, 
inpul, orifice time flame area, 
Btush dian n Btu /sec aq ft 
10,000 0 O76 AD 10,200 
10,000 0 O76 15 6,530 
10,000 0 OS6 is 5,050 
10.000 ORG 5,270 
10,000 0 O86 4 1,025 
10,000 
10.000 0 O76 4 12,700 
10,000 O76 7,570 
10,000 0 O86 5,100 
10,000 0 OR6 120 6,250 
10,000 0 ORG 5,500 
10,000 
2 500 0 10,200 
2.500 0 O76 6,530 
2 0 O07 5,050 
0 107 5,270 
2,500 O67 1,925 
2,500 
2? OO; 148 1,000 
2,500 0 O76 136 2 850 
2,500 0 OF 1,30 
2,500 0 O67 40) 1,170 
2,500 0 O67 1,500 
2,500 
-in.) tip 
Combustion intensity, lame area, Flame 
Btu /sec/sq ft temperature, 
Primary Secondary Total a: 
Acetylene RIOO 12,700 
Hydrogen 2850 150 7,500 
Methy! 
acet viens 1040 170 5,100 5500 
Propane 1500) 1000 5, 500 
Methane 1170 6,250 5H20 
( irbon 
monoxide WH) 700) 1,100 5200 


appears the highest of all the 
fuels for considered, — If, 


reason. a fuel other than acetylene is selected, consider- 


It is noted that acetvlene 


both some 


condition for 


ation should be given to the type of heating since some 


higher secondary combustion intensities 


alues and should be applied to diffuse 


of them have 
than primary 
heating applications 

From the table above it can be seen that the fuels 
rated by flame temperature do not fall in the same order 


as either combustion intensity or heating times 


Conclusions 
The agreement between computed and experimental 
that 


method lor estimating the pe riormance of both existing 


results indicate combustion intensity is a valid 


and proposed fuel-oxidant premixed syVSstems, In ad- 


dition, it explains on a firm basis the superiority 
of oxy-acetylene over other fuel gas-oxygen systems for 
both localized and diffuse heating applications 

The computation of combustion mtensity also serves 


as a method to estimate the performance of previously 
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untried fuel-oxidant systems. A number of acetylenics 
burned with oxygen have been proposed,* but un- 
fortunately the basis of comparison is flame tempera- 
ture. Other hydroearbon-oxygen and hydrocarbon- 
fluorine’ mixtures also have been suggested but no com- 
parative indication of heating ability has been put 
forth. A computation for each system of the heats of 
reaction plus either a calculated or measured normal 
burning velocity will permit the computation of com- 
bustion intensity. These quantities may then be eval- 
uated and used to determine if a proposed system is 
both technically and economically attractive. 
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THE AWS ROUND TABLE 


In many places, both in the United States and abroad, 
there are small groups of AWS members who, having a 
common interest in welding and welding engineering, 
would welcome the opportunity to join together, peri- 
odically, for the purpose of discussing welding prob- 
lems and sharing their experiences. In the United 
States where in industrial centers, there is a sufficient 
number to support an AWS Section, or a Section Divi- 
sion, the requirement is satisfied. But in small centers 
in the States and abroad, it is not. The AWS Round 
Table pattern has been officially instituted by the 
Sociery for serving such needs. It provides, through 
official recognition, a pattern for groups of fifteen per- 
sons or less an opportunity to identify themselves as 
an organized officially recognized body of the Ameri- 
Sociery. In the United States the 
Round Table is a component of the nearest AWS Sec- 
tion. Abroad it could be a component of the National 
Society and would serve well the needs of small groups 
of AWS members, wherever they might be. Those in 
the United States who are interested should write to 
the Secretary of their nearest AWS Section, or to 
National Headquarters for information regarding AWS 
Round Table Organization and Procedure. 

Small groups of members from abroad, but not too 
distant from each other, who may desire additional 
information should request such directly from the So- 
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THE AWS SECTION DIVISION 


Increasing, many live AWS Sections are expanding 
their scope of activities through the institution of 
AWS Section Divisions in communities 15 to 100 miles 
distant from their headquarters but still within the 
boundaries of their Section activities. And many AWS 
members in such communities are seeking the way to 
organize a Socrery activity for more directly serving 
their needs. There is very little difference in the 
activity of an organizational structure of a Section Di- 
vision from that of a Section. 

Any active AWS Section has the right to organize and 
operate a Section Division within its authorized bound- 
aries. ‘The Division is a unit of the Section and it fune- 
tions under and reports to the Section. The Section is 
responsible for the supervision and welfare of the Divi- 
sion. Divisions may be organized with a minimum of 
twenty-five (25) enrolled members, but actually should 
not have less than thirty-five (35). Any Section Officer 
or Corporate Member of the Society interested in inves- 
tigating the possibilities for such activity, within the 
boundary lines of the United States, should request in- 
formation on required procedure from the Sociery’s 
Secretary. Request “Organizational Manual on New 
AWS Sections with Section Division Supplement.” 
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SHOP METHODS FOR IDENTIFYING SOME 
METALS PRIOR TO WELDING 


ARTHUR L. PHILLIPS 


When a maintenance welder is called in, he is rarely 
told the composition of the metal involved which will 
permit him to select the correct alloy to use on the base 
metal 

It is comparatively easy to discover if a metal is 
cast iron or steel, but to differentiate between the various 
steels requires study and experience. There is a great 
difference in the welding technique involved and the 
welding alloys recommended will depend upon the 
composition of the base metals. 

In production operations, the need for identification 
may not arise because the composition of the base metal 
is known It is essential, however, that a rapid CUSY 
way of identifying metals be known by maintenance 
welders 

Fortunately, simple methods have been devised for 
testing metals which are available to all welders. The 


results will not be as comprehensive as laboratory 


testing, but may enable the operator to identify the 


metal 


Arthur L. Phillips is Public Relations Director, Eutectic Welding Alloys 
Corp., Flushing, N. Y 


Fig. 1 The approximate hardness of metals can be deter- 
mined by the file test. When the file bites deeply, the 
metal is relatively soft. When the file slides over the 
surface without resistance, the metal is hard. The varying 
hardnesses will indicate the group to which the metal 
belongs 
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Hardness Test 

The degree of hardness possessed by steel has a 
distinct effect upon its weldability. Furthermore, if 
the Brinell hardness is known it is possible to calculate 
the tensile strength because the tensile strength is 
approximately the Brinell hardness number multiplied 
by 500 

The file test is a useful method of determining hard- 
ness (see Fig. | It will not give scientific accuracy 
but it will enable the operator to determine the relative 
hardness of a piece of metal and its machinability. 

\ new machinist’s hand file should be used for the 
purpose and kept for nothing else if much testing is 
necessary. The following table indicates this method 


of testing: 


By inell 
hardness 


no leesistance to file Type of steel 
100 High resistance File bite Low-carbon steel 
into metal (mild) 


200 High resistance. File bites Medium-carbon steel 
into metal, but more pres 
sure is needed 

400 Medium resistance. File does 


not bite into metal 


High alloy steel 

ind 
more pressure must be ad 
ded 

100 Low resistance Metal can 
be filed but with difficult, 

500 fesistance practs ill nil 


Can be marked but metal 


High-carbon steel 
Tool steel 


Is practi illy as hard as the 
file 
600 No resistance 


than file 


Metal hardet Hardened tool steel 
No grip what 


\ more accurate instrument for determining hardness 
can be constructed with a steel ball-bearing and a glass 
tube (see Fig. 2 This will give scientific accuracy 
and has the additional advantage of not defacing or 
marking the metal tested. It is based upon the prin- 
ciple of the Shore Scleros« ope 

When a steel ball is dropped upon a piece of metal 
it will bounce Che height of the bounce will determine 
the hardness 

If the ball is held at the top of the glass tube and 
dropped upon a number of pieces of known Brinell 
hardness and the glass tube calibrated to show the 
height to which the ball bounces, the instrument 


becomes an accurate means of MCasuring hardness. 
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Fig. 2 When a steel ball bearing is held at the top of a 
glass tube and dropped upon pieces of metal, of known 
Brinell hardness, the height to whick the ball bounces indi- 
cates the hardness of the metal. If the glass tube is cali- 
brated it becomes an accurate instrument for measuring 
hardness 


The file test is useful for determining whether a 
metal is soft or hard, machinable or nonmachinable, 
but much experience is necessary before the inter- 
mediary degrees of hardness can be estimated with any 
accuracy 


Chip and Spark Tests 

The chip test is an easy way of identifying certain 
metals. When the metal is chipped with a cold chisel 
the size and characteristics of the chips will vary with 
different metals 

The spark testing of metals is a useful way of classify- 
ing them because any deviation from the known spark 
stream of a metal will indicate the presence of “foreign” 
materials 

When a piece of metal is held against a power grinding 
wheel, small particles are torn away (see Figs. 3 and 4) 
These are removed so rapidly that they become incan- 
descent. The pattern of the spark stream differs to 
some extent with each metal and with the varying 
alloying elements 


Identification by Uses 

Metals may be identified by their operational uses- 
For instance, certain machine parts may be cast iron; 
others, steel forgings Automobile carburetors are 
usually die castings. Shafts are normally made of 
steel of varying carbon content, and the same applies 
to machine tools 

Many metals can be identified readily by their ap- 
pearance and color, This may be the first step in 
grouping them into broad classifications, 


Cast Iron 
This term generally includes pig iron, white cast 
iron, malleable iron and gray iron 
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Many welders have difficulty in recognizing the 
various types of iron and steel and should a mistake 
be made, the resulting weld will fail or will not possess 
the desired characteristics. 

White Cast Iron 

This metal is hard, brittle and magnetic (a simplified 
magnetic test is shown in Fig. 5). It is readily broken 
by a sharp blow with a hammer and the fracture will 
appear silvery and white. 

When white cast iron is chipped the chips will be 
smooth, very brittle and about '/, in. in size. The 
fracture has a fine silvery white crystalline formation 
and the unfinished surface is dull gray in color with 
evidence of the sand mold. The metal is so brittle 
that the chips appear as small broken fragments leaving 
a rough edge scored with indentations. 

The chips melt at a moderate speed, becoming dull 
red before melting. A medium slag film develops and 
the molten puddle is fluid, watery and reddish white. 
Under the flame the puddle remains quiet with no 
sparks 

The spark test will show a very small volume of red 
sparks at the wheel, turning to straw color with an 
average stream length of 20 in. ‘The sprigs are small 
and repeating. 

Malleable Cast 

Malleable cast iron is easily recognized by the color 
and composition of its fracture. It has a white, steely 
skin extending from the surface toward the center 
The center of the casting is usually dark and dull 
The chip test will show rough and tough chips of about 
in. to in. in size. 

This metal melts at a moderate speed, becoming red 
before melting. A medium slag film develops and the 
molten puddle is fluid, watery and of a straw color 
The puddle boils under the flame and leaves blowholes 
The surface of the molten metal sparks but the interior 
does not. 

The sparks are straw yellow when the metal is held 
against a power grinding wheel. The shafts are longer 
than those from gray iron. They are approximately 
30 in. in length with a moderate volume and ending in 
numerous small, repeating sprigs. The metal is mag- 
netic. 

Gray Cast Iron 

This is the most common form of cast iron encount- 
ered. It is used extensively in machinery castings 
The fracture will be of a dark gray color and if a finger 
is rubbed across the surface of a newly made fracture it 
will be smudged by the graphite. 

Chips melt at a moderate speed becoming dul! red 
before melting. The slag forms a thick skin and the 
molten puddle is fluid, watery and reddish white. The 
puddle is quiet under the flame and no sparks are 
emitted 

The sparks from the grinding wheel are red, turning 
to straw color with an average stream length of 25 in 
The volume is small with many small repeating sprigs 
The metal is magnetic. 


THe WELDING JOURNAL 


ie: 
| 
| 
> 


Fig. 3. The spark test is not a substitute for chemical 
analysis but it is an excellent method of checking the type 
of metal. The points to study in a spark stream are: the 
carrier lines, their size and color, if continuous or disjointed. 
If standard specimens of known composition are kept on 
hand, a comparison of the sparks would permit very 
accurate deductions to be made 


Characteristics of Sparks Generated by the Grinding of Metals 


Chips will be 


size 

Steel 

Cast Steel 
This is 


used 


for 


strength than can be 


application may thus identify the material. 
ture is bright 
gray with probable ey idence of the mold. 


gray 


machine 


obtained 


parts 


smooth, brittle and 


with cast 


and the unfinished surface 


about '/, in. in 


requiring higher 


iron. The 
The frac- 
dark 


When newly 


machined it is very smooth and a bright gray color. 
The metal is easily chipped and the chips will have 


smooth edges and can be continuous if desired, 
When the flame test is applied the chips will melt 


rapidly 


They 


and the slag appears similar to the molten metal. 


become 


a bright 


red before melting, 


The 


molten metal is straw colored and emits sparks under 
the torch flame 


A spark test will show white sparks 


The average 


length of the stream will be about 70 in., depending 


upon the pressure, with 


a moderately large volume. 


The shafts will be short with forks and appendages, 


The forks become more numerous as the carbon content 


mcreases 


Volume of Relative 
Metal prema Length of 
Stream, Inchest 
1. Wrought iron | Large 65 
2. Machine steel | Large 70 
3. Carbon tool steel Moderately large 55 
4. Gray cast iron Small 25 
5. White cast iron | Very small 20 
6. Annealed mall. iron Moderate 30 
7. High speed steel Small 60 
8. Manganese steel Moderately large 45 
9. Stainless steel Moderate 50 
10. Tungsten-chromium die steel | Small 35 
11. Nitrided Nitralloy Large (curved) | 55 
12. Stellite Very small 10 
13. Cemented tungsten carbide Extremely small 2 
14. Nickel Very small** 10 
None 


15. Copper, brass, aluminum 


Color of 
Stream Close 
to Wheel 
Straw 
White 
White 

Red 
Red 
Red 
Red 


| White 


Straw 

Red 

White 
Orange 

Light Orange 
Orange 


Color of 
Streaks Near 
End of Stream 
White 
White 
White 
Straw 
Straw 


| Straw 


Straw 

White 

White 
Straw* 

White 
Orange 

Light Orange 
Orange 


Quantity of 
Spurts 


Very few 
Few 

Very many 
Many 

Few 

Many 
Extremely few 
Many 
Moderate 
Many 
Moderate 
None 
None 
None 
None 


Nature of 
Spurts 

Forked 

Forked 

Fine, repeating 
Fine, repeating 
Fine, repeating 
Fine, repeating 


| Forked 
| Fine, repeating 


Forked 
Fine, repeating* 
Forked 


+ Figures obtained with 12” wheel on bench sand and are relative only. Actual length in each instance will vary with grinding wheel, pressure, etc. *Blue-whiue spurts. **Some wavy sreake, 


Fig. 4 This chart shows some of the spark patterns obtained when a metal is held against a grinding wheel. 


Norton Co., Worcester 6, Mass.) 
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Low-Carbon Steel 


The degree of hardness is a good indication of the 
carbon content in steel. The harder the steel the 
greater the carbon content. 

When a file test indicates hardness up to Brinell 
300 the metal is low to medium-carbon steel. Above 
this rating the steel is in the high-carbon classification. 

Other characteristics are similar to those given for 


cast steel 


High-Carbon Steel 

The fracture is a very light gray in color but the un- 
finished surface is dark gray and rolling or forging lines 
may be noticeable. When newly machined it is very 
smooth and a bright gray. 

The chip has a fine grain structure with the edges 
lighter in color than low-carbon steel. The chip can 
be continuous if desired and, although the metal is 
usually very hard, it can be chipped without difficulty. 

Under the flame test the metal melts very rapidly 
becoming bright red before melting. The appearance 
of the molten slag is similar to the molten metal. 

When held against the grinder, the sparks are white 
with an average stream length of 55 in. There is a 
large volume with numerous small and repeating sprigs. 


High-Speed Stee! 

This name is usually applied to alloy tool steel be- 
cause of its composition. It has a high carbon con- 
tent which will be disclosed by its hardness when file 
tested. 

The stream pattern is totally different from high- 
carbon steels. The volume is small but the color is 
red close to the grinding wheel turning to a straw color 
toward the end of the stream. The spurts of sparks 
are few in number and of the forked variety. 


Manganese Stee! 

When manganese is added to high-carbon steel there 
is an increase in tensile strength and the metal work- 
hardens in use 

This metal can be recognized easily by the magnet 
test. Manganese steel is nonmagnetic. 

The spark stream is similar in many respects to that 
of carbon tool steel but about 10 in. less in length. 


Stainless Steels 

Steels in this category are stainless because of the 
chromium content of the steel. An easy way to dis- 
cover if a steel belongs to the stainless classification is 
to prepare a solution of 94% wood alcohol and 6°% 
nitric acid and apply a drop to the metal. If there is 
no discoloration in one minute’s time the metal belongs 
to the stainless steel group. 


Nonferrous Metals 
Aluminum 

Aluminum is a white, soft metal, very light in 
weight and the fracture is white and moderately fine 
grained. The unfinished surface is smooth and dark 
gray. When machined the surface is very smooth 
and a light gray in color. 
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Fig. 5 A magnet is a useful instrument to have available. 
The magnetic qualities of a metal indicate the group to 
which it belongs 


Aluminum alloys are harder and slightly darker than 
pure aluminum. The chips are easily cut, smooth 
and leave a saw edge where chipped. The chip could 
be continuous if desired. The metal melts faster than 
steel but with no visible change of color. The slag 
appears to be a thick black scum and the appearance 
of the molten metal puddle is similar to that of the 
unmelted metal. The molten metal under the slag 
has high fluidity with a quiet action under the torch 

Aluminum produces no spark when held against a 
grinding wheel and is not magnetic. 


Magnesium 

This is a light, hard white metal which has insufficient 
strength in its pure form to be of much industrial use, 
but which alloys readily with aluminum, manganese, 
zine, ete. This produces alloys comparable in strength 
to aluminum, yet having only 65° of the weight 

It is nonmagnetic and aluminum is the only metal for 
which it is likely to be mistaken. When a torch flame 
is applied to filings of magnesium they will burn with 
a blinding white flame. 

No spark test can be made because the metal gives 
off no sparks and is so soft that it clogs the grinding 
wheel. 

Copper and Copper Alloys 
In its pure state copper is a reddish brown metal and 
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is used in its almost pure state for electrical purposes 
It is possible, therefore, to recognize this metal by Its 
end use, because next to silver, it is one of the most 
electrically conductive metals known. 

Pure copper is easily cut and has smooth chips which 
can be continuous if desired and show a saw edge where 
cut. It melts slowly compared to steel and usually 
turns black, turning to red as the copper color becomes 
more intense. There is so little slag that it is hardly 
noticeable. The molten puddle appears almost mirror- 
like directly under the flame and has a tendency to 
bubble. 

Copper is nonmagnetic and does not spark when in 
contact with a grinder. 

Copper alloys readily with at least 30 other elements, 
17 of which are used in making commercial copper 
alloys. Zine is used in proportions of from 1 to 50% 
in making approximately 15 different commercial 
brasses. Bronzes and brasses of widely different prop- 
erties are produced by varying the proportions of the 
alloying elements 

Brass is usually yellow in color and formed into sheets, 
tubes, extrusions and bar stock. Bronze is reddish in 


color and usually cast. 


Nickel 


Nickel is a hard, white, malleable, ductile metal which 
is valuable for the alloys it forms with other metals 
The fracture is coarse grained and almost white. The 
unfinished surface is smooth, dark gray in color and 
when machined leaves a very smooth, white surface 

It can be chipped easily and the chips will have 
smooth edges and can be continuous if desired. It 
melts slower than steel and becomes red before melting 
The slag forms a gray scum and the molten metal is 
very fluid under the slag film 

When subjected to the spark test the sparks will be 
orange in color with an average length of 10 in. Shafts 
are short with no forks or springs. The metal is mag- 
netic 


Monel 

Monel is an alloy of 65 to 70°% nickel with copper, 
manganese, iron, silicon and carbon. 

The fracture is slightly darker than that of nickel 
but the other characteristics remain the same. 

There is considerably more slag than is produced 
when nickel is melted. Monel is much less magnetic 
than nickel but is usually harder 
Inconel 

Inconel contains a higher nickel content than Monel. 
An analysis shows approximately 78% nickel, 13'/.% 
chromium, 7°% iron and small percentages of man- 
ganese, copper, silicon and carbon 

The easiest way to identify Monel is to use the acid 


test. Apply | drop of concentrated nitric acid to the 


metal and permit it to remain for | min. If there is 
no reaction the metal is Inconel. If the solution turns 


a cloudy blue-green color the metal is Monel. 


Clad Metals 


The trend toward cladding metals has been the 
cause of many wrong identifications. When steel is 
clad with aluminum or copper it is easy to mistake the 
part for the clad metal instead of the base metal. 

The magnetic test should be used on nonferrous clad 
materials. The degree of magnetic attraction will be 


an indication of the composition of the base metal. 


Conclusions 

An expert spark tester can identify the constituents, 
and percentages, of an alloy with a high degree of 
accuracy. Every effort should be made to verify con- 
clusions by using other testing methods to substantiate 
an opinion. The shape of the part may indicate it 
has been cast; its color may place it in a certain group; 
operating conditions may narrow the group to a metal 
classification and end use will determine the type of 
alloy needed to perform efficiently under service con- 
ditions 

The time and trouble spent in learning how to iden- 
tify metals will be amply repaid by the ability to specify 
the correct alloy for a given metal-joining operation, 


BOUND VOLUMES OF 1954 JOURNAL NOW AVAILABLE 


Bound Volumes of THe Weupine Journau for the year 1954 are available in black imitation leather covers, 


together with a comprehensive subject and authors index. 


This volume, comprising a total of 1238 pages in the JournaL and an additional 624 pages in the Welding 
Research Supplement, represents a veritable encyclopedia of information in the welding field 


ordered through the AmericaN We.tpino Socrery, 33 39th St., New York 18, N. ¥ 


Price $15, including postage 


Copies may be 
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BY C. D. COOPER 


A new are-welding system has been developed for 
welding the chromium-molybdenum steels used in 
high-temperature, high-pressure service. The system 
is designed for reverse polarity, direct current welding 
in all positions 

The practical welder runs up against the chrome- 
moly steels in the power boiler field and in the fabrica- 
tion and repair of equipment and piping for the petro- 
leum refining and chemical processing industries. 
Welding these steels has, in the past, presented some 
problems because of their tendency to harden and be- 
come brittle upon air cooling from welding tempera- 
tures, 

The system described here virtually eliminates the 
danger of underbead cracking, and reduces the norma! 
preheat and postheating requirements for these steels. 
In order to assure consistently sound welds, however, 
the welder must do his part by observing a few simple 
precautions (see Figs. | to 7). 

First, the new system is built around the use of a low- 
hydrogen electrode with closely controlled carbon con- 
tent and a straight lime coating. Classified under 
AWS and ASTM specifications as Type XX15, these 
electrodes provide a weld metal deposit of controlled 
analysis and high ductility, 

Choosing the right diameter is as important as se- 
lecting the right basic type. Recommended current 
ranges are somewhat higher for these electrodes than 
for conventional rods of the same size. For example, 
a '/gin, diam., properly operated, requires about the 
same current input as a °/»-in. diam. commercial 
£-6010. In commercial practice there is a tendency 
to pick the largest rod which the work will support. 
When welding the chrome-moly steels it is better to 
pick the highest current that the work will support, 
and then select the electrode that will still function 
at this current level 

The joints should be carefully fitted and the welding 
groove carefully prepared. In view of the rather heavy 
slag volume of these electrodes, it is important that 
the root opening be wide enough to manipulate the 
are and to insure good penetration. Where no root 
opening is provided the included angle should be not 
less than 90°. When a root opening of '/s-in. or more 
ean be provided, the included angle may be 60° or less 


C. D. Cooper is District Manager, Metal & Thermit Corp., Philadelphia 
Pa 
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WELDING OF CHROME-MOLY STEELS IN HIGH- 
PRESSURE HIGH-TEMPERATURE SERVICE 


Fig. | Joint preparation is important. The included angle 
depends on the root opening, but must be large enough 
to manipulate the arc and control the rather heavy volume 
of slag 


Fig. 2. Preheating of a weld area in the horizontal rolled 
position. Preheat temperatures as much as 200” F below 


normal may be used, in the new system 
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Fig. 3 Welding the first pass. Note that the electrode is 
held at a 90° angle to the work. Excessive tilting would 
permit air to enter the arc zone 

The weld area must be carefully cleaned to remove all 


scale, oil or rust, because the accidental inclusion 


of any source of oxygen may serously interfere with 
the quality of the deposit 
In general, this system permits welding at preheats 


from 100 to 200° F below the temperatures normally 
used. For steels with lower chromium content, 300° F. 
is hot enough, except on very heavy sections. For 
the 2'/, chromium-l molybdenum and chrome- 


moly compositions, the preheat should be more 


carefully applied, but even here the welder is allowed 
latitude using 


more than when higher carbon elec- 


Fig. 4 Proper application of these electrodes requires 
careful cleaning of the weld area in order to remove all slag 
or other foreign matter, if maximum weld quality is to be 
realized 
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Fig. 5 Ready for the final pass, just before the welder 
strikes his arc. The arc must be held as short as possible at 
all times to assure finest weld quality 

trodes. Preheat requirements for a given job depend 


upon the weld thickness and the geometry of the 


weldment involved. The heat-affected zone of the base 


metal will harden to the same degree, regardless of 
the ductility of the weld deposit, so that some pre- 
heating is always necessary 

There are three important requirements which the 
close are, a rod angle 


welder must observe oa very 


perpendicular to the work, and a weaving technique 
in depositing the weld metal 
to avoid the introduction 


The close are is necessary 


with resultant difficulties from oxidation of the 


ol aur 


Fig. 6 Grinding the weld flush, prior to X-ray examination, 
The work is rotated into position as grinding proceeds and 
the entire circumference will be ground 


Fig. 7 Local postheat treatment furnace in position, ready 
for connecting the gas line and firing up. Many welds may 
be safely placed in service without stress relieving 


weld puddle. The are should be held as short as pos- 


sible to assure maximum weld quality. Excessive tilt- 


ing of the electrode will also create unsatisfactory re- 
sults because tilting again permits the introduction 
of air into the are zone. As a general rule, the electrode 
should be held at an angle of 90° to the work. This 
may at first appear difficult to accomplish in pipe 
work, but it can be done with a little practice. 

The weld metal should be deposited with a weaving 
technique to retard the rate of cooling of the weld pud- 
dle. In order to avoid entrapment of slag, the weave 


Formed structures of such hard-to-weld, but in- 
super- 


dustrially important, materials as titanium, 
alloys,”’ aluminum or air-hardening steels can now be 
fabricated readily with complete penetration, controlled 
free of a major cause of failure in 
Such is the claim 


contour welds 
welded-joints, root-bead cracking. 
made by the M. W. Kellogg Co., Jersey City, N. J., in 
describing their new process of welding high-strength 


metals. 

Reducing the human element is a considerable 
advance in eliminating the critical problem of lack of 
penetration. ‘Today's growing application of inert-gas 
shielding to the root bead’s interior surface--has 
been an important step toward assuring complete 
penetration and producing completed welds of high 


CRACK-FREE BUTT WELDS 
IN HIGH-STRENGTH METALS 
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should be limited so that the are is not directed into 
solidified slag. The weave may be as wide as the welder 
can manage and still keep the slag molten across the 
crater area. The slag should be carefully cleaned from 
each bead before depositing the next bead in order to 
avoid including particles of slag. 

Postheating requirements, too, are somewhat re- 
laxed as compared to normal procedure on these steels 
When working on steels in the lower range of chromium 
content, unless sections are extremely heavy it is un- 
necessary to maintain preheat after welding and prior 
to stress relieving. In fact, unless applicable codes re- 
quire it, many weldments may be safely placed in 
service without stress relieving, when welded under 
this system. 

Welded steels containing 2'/, chromium and up 
should always receive a postheat treatment. Industria] 
practice usually dictates a temperature of 1300-1400° F 
for stress relief on these compositions. 

Klectrodes used in this system deliver maximum 
results only when the coatings are perfectly dry 
It is necessary to protect them in storage as well as 
in use from moisture pickup. They are shipped in 
moisture proof cans. As long as the can remains un- 
opened, they are adequately protected. Once the can 
has been opened, however, the unused electrodes should 
be stored at a temperature somewhat above room tem- 
perature. 

Following the procedures recommended under this 
system will enable the welder to produce consistent!) 
sound welds on chrome-moly steels. The heavy coating 
of the electrodes, and their low moisture level, keep 
spatter losses to an unusually low level. The stable are 
action assures a weld bead with fine ripples, free from 
porosity, and suitable for work requiring x-ray examina- 


tion. 


quality. However, attaining full penetration in single- 
V butt welds, from one side without backing rings, has 
depended upon outstanding operator skill 

Where penetration is incomplete, there is also the 
unfortunate possibility that it may not be detected by 
available nondestructive examination. In ferritic ma- 
terials, magnetic powder examination is also limited 
Lack of penetration, even of minute dimension, in- 
terrupts an inside contoured surface with sharp notches 

With the newly developed process, these disadvan- 
tages are reportedly offset, since the control of pene- 
tration is inherent in the process. Through precise 
control of technique, physical dimension and internal 
gas shielding pressure, the process produces root beads 
of assured full penetration and controlled internal 


THe WELDING JOURNAL 


— 
bell 


Fig. 1 (Top) Details of portable gas-chamber fixture. 
(Bottom) Shape of interior of weld surface is controlled by 
varying pressure 


contour, a uniform root bead surface free of under- 
cutting, and a high degree of root bead reinforcement 
without backing rings and with only average operator 
proficiency. 


In this process (see Figs. 1 and 2), inner and outer 


inert-gas shielded-arc welding is used in applying the 


initial or root bead to the joint being mede up. By 
accurately controlling gas pressure inside pipe or weld- 
ment, a weld is deposited in this process with a highly 
uniform internal and external contour (see Figs. 3 and4) 
By varying gas pressure, the inner surface of the bead 
can easily be made slightly convex, flush, or even con- 
cave —although the latter would rarely be used since 
it results in reduced weld strength. 


Fig. 2 Root bead is laid while the pipe interior is under 
controlled inert-gas pressure in the gas-chamber fixture 
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Fig. 3. Exterior view of the finished root bead which com- 
pletes the first critical step in forming the weld 


The weld quality obtained by this process is said to 
meet all X-ray, physieal and mechanical requirements 
of the ASME Boiler Code, and other codes and speci- 
fications. Tensile, bend, impact and torsion tests have 
demonstrated excellent) properties. Complete metal- 
lography has revealed that there is no tendency for 
cracking or undercutting the edges of the inside bead. 

Although first used commercially in the shop fabri- 
cation and field installation of high-pressure, high- 
temperature stainless steel power piping, the process 
is being applied successfully to many other difficult 
It is applicable to any metal or 
alloy which can be fusion welded. Welds produced by 
this process in heat-treatable steels such as SAK 4130 


welding applications 


have withstood, without cracking, the drastie quench 
necessary to produce yield strengths in excess of 
150,000. psi 
this process are carbon and carbon molybdenum steels, 


Other materials welded successfully by 


chromium molybdenum steels, nickel, Monel, Inconel 


and copper 


Fig. 4 This is the view of the weld that the inspector gets. 
Note the highly uniform surface, entirely crack-free 
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BY H. C. WAUGH AND R. FRANK 


Three years ago both the cast-iron rocker arm and 
support on a large foundry centrifugal casting machine 
suddenly sheared off simultaneously shortly after a 
casting had been poured. The flask or mold contain- 
ing the molten metal tore loose and started a few smal! 
fires that were quickly extinguished. When the damage 
was cleaned up and the machine inspected, it looked 
rother hopeless. The rocker arm, a six by eight-inch 
piece of cast iron, was broken just above its pivot, 
aud the top section of the upright support it locks into 
wes cracked off. These two pieces make up part of the 
retaining mechanism that holds the flask in place as 
it spins at speeds up to 1200 rpm 

A centrifugal casting machine consists of a cylindri- 
cal flask or mold that lays horizontally on a bed of 
driver-rollers. In operation, the rollers spin, turning 
the flask at high speeds. Metal is poured into the mouth 
of the flask and centrifugal force shapes the molten 
metal inside the flask. 

When the machine broke it had been casting shapes 
weighing from 250 to 1700 Ib. The company was in the 
middle of a big contract and couldn’t wait the six weeks 
it would take to get new parts. 

After considering all the factors, it was decided that 
a nickel-iron electrode (55°) nickel, 45°7 iron) be 


used to do the cast-iron welding job. 


Waugh and R Frank are associated with The International Nickel 
Co., Ime New York, N. ¥ 


Fig. | 
casting machine sheared off; weld is nearly invisible 
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WELDED CAST IRON PARTS 
HOLD HI-SPEED CENTRIFUGAL MOLD 


Chalk stripes show where rocker arm on centrifugal 


Preparation of the parts for welding was the first 
operation in the repair. All dirt and grime was removed 
from the weld area and the fractured surfaces were 
ground to provide a vee groove having an included 
angle of about 80°. The casting skin was ground back 
from the edge of the groove for approximately '/»-in 
The parts were then given a degreasing treatment. 

Following these preparatory steps, the parts were 
properly aligned and preheated to 250° F using two 
oxy-acetylene torches. When the preheat temperature 
was reached, the parts were tack welded to hold them 
in line and welding began. Following deposition ot 
each bead, the slag was removed, the bead wire 
brushed, and the area peened with a round nose too! 
and moderate blows. Using °/s:-in. diam. nickel-iron 
electrodes the welding current was about 135 amp 

When both arm and support were finished, two one- 
in. by '/y-in. steel bands were placed over the top edges 
of the upright support and welded into place for addi- 
tional strength. After the welds had cooled slowly 
under an asbestos blanket, they were ground flush, 
making them almost invisible against the base metal 

The company estimates that a new arm and support 
would have cost $500 and would have caused a delay 
of at least six weeks. Instead, it took about eight 
hr of welding and 20 |b of °/-in. rod to put the ma- 
chine back in operation. After three years, the cen- 


trifugal is still in regular use. 


Fig. 2 Support also broke, was welded; metal band was 
welded around upper end of the support for more strength 
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Fall Meeting to Hear LaMotte Grover 
Deliver Adams Lecture 


Plans have now been completed for a 
busy and informative National Fall 
\Meeting to be held October 17-21 in 
Philadelphia. 

Highlight of the meeting will be the 
Adams Lecture to be presented by La- 
\lotte Grover of the Air Reduction Sales 
Co. The paper, “An Interpretation of 
tesearch and Experience in Structural 
Welding,”’ will be delivered during the 
Monday morning Honors Session, 

The technical sessions will feature 
many papers reporting on latest trends 
developments and uses of welding 
Over 60 papers will be delivered in the 21 
sessions to be held at the Bellevue-Strat 
ford, the headquarters hotel 

A few of the subjects to be discussed 
ire earbon dioxide-shielded metal are 
welding; advances in welding titanium 
and molybdenum; and application of 
welding to shipbuilding, piping, pres 
sure vessels, machinery and many other 


fields. 


Other papers will cover the welding of 
stainless steels, new approaches . to 
welding with continuous-fed electrodes 
pressure welding rails and how to use 
the relatively new metal powder elec- 
trodes There will also be a session on 
brazing, resistance welding, inspection 
and testing, and weldability and re 
search 

Other events to be held during the 
five-day meeting include the President's 
Reception and National Dinner, sey 
eral tours through leading manufactur 
ing plants in the Philadelphia area and 


educational lectures 


The AWS Fall Meeting will run 
concurrently with the National Metal 
ixposition at whieh welding and cut 
ting exhibits and demonstrations will 
be shown rhe lexposition will be 
held in Philadelphia’s Convention Hall 
near the campus of the University of 


rhe 
Pennsylvania. 


THINGS YOU 


SHOULD KNOW 


e In Kansas City, on June Sth, at the 
Society’s Annual Business Meeting 
the attending AWS members voted to 
amend the Sociery’s Constitution as 
proposed in the Official Notice mailed 
to all AWS members on May 16, 1955 
Fundamentally, the approved amend 
ments now permit companies, firms 
organizations, partnerships and associa 
tions, as well as individuals, to hold 
Sustaining Membership in our Sociery 
In addition the following new ‘“‘Ob- 
jects” were adopted 
a) To encourage in the broadest and 
most liberal sense the advance- 
ment of welding 
To encourage and to conduct re- 
search, both basic and applied 
in all sciences as they relate to 


welding; 
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To Improve the education and 
usefulness of personnel engaged 
in and associated with welding 
activities 

d) To engage in and assist others in 
the development of sound prac 
tices for the application of weld 
ing and related processes; 

To disseminate welding know! 
edge through its publications 
meetings, discussions, consul 
tations, exhibits and by any 
other available means 

Thereby fostering public welfare and 
education, aiding in the development 
of our country’s industries and adding 
to the material prosperity and well 
being of our people 


Soard of 


Later, at the meeting of the 
Directors, appropriate changes were 


Society News 


instituted the By-Laws to accom- 
modate the membership’s vote on the 
constitution amendments. 
@ Upon recommendation of the Honor- 
ary Membership Committee, the Board 
of Directors voted unanimously to be- 
stow Honorary Membership upon Wil- 
liam Spraragen, Editor of THe Werip- 
ING JOURNAL from 1920 to Jan. 1, 1955. 
In addition, the following amend- 
ments to the By-Laws were voted upon 
favorably by the Board: 


that chairmen of AWS Standing 
Committees shall be corporate 
members of the Socrery 

that the Socrery’s President shall 
be an ex officio member of all Stand- 
ing and Special Committees, except 
the National Nominating Com- 
miittes 
that in case of absence, disability 

inaction of a committee chair- 

the President may convene 

! committee, or it may be con- 
ened by the written request of 
iny two of the members 
that Special Committees may be 
ippointed by the President by and 
vith the approval of the Board 
that Standing Committees shall 
ubmit annual reports and Special 
Committees interim and final re- 
ports to the Board of Directors, 


All of the foregoing Board of Diree- 
tors actions are to be submitted to the 
membership for approval by letter- 
ballot 
@ The Committee on Code of Principles 
of Conduct submitted text for an AWS 
Code of Ethies,”’ which met with the 
Board’s unanimous approval. Here- 
with follows the text 

The AmericaN WELDING Sociery 
expects that the following rules shall 
guide the acts of its members: 


|. To uphold before the public at 
all times, the dignity of mem- 
bership in the Amenican 
Sociery and the 
reputation of the 
lo pursue his professional work 
in a spirit of fairness to em- 
ployer, employee or customer 
with fidelity to contractor 
and to client, and to high 
ideals of personal honor, 
lo avoid and discourage sen- 
sationalism, exaggeration and 
unwarranted statements 
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“4. To uphold the principle that 
unusually low charges for pro- 
fessional work tend toward 
inferior and unreliable work. 

“5. To refrain from undignified or 
misleading advertising. The 
use of the name or emblem of 
the American So- 
cieTy in any advertising is 
not permitted. 

‘§. To treat as confidential his 
knowledge of the business 
affairs or technical processes 
of clients, employers or cus- 
tomers when their interests so 
require. 

“7. To inform clients or employers 
of any business affiliations, 
interests or connections which 
might influence his judgment. 

“8. To accept, for a particular serv- 
ice, financial or other com- 
pensation from one source 
only, except with the full 
knowledge and consent of all 
interested parties. 

“9. To refrain from associating him- 
self with, or allowing the use 
of his name by any enterprise 
of questionable character, or 
in any manner countenancing 
misrepresentation. 

“10. To avoid injury, falsely or ma- 
liciously, directly or indirectly, 
to the professional reputation, 
prospects, or business of an- 
other member of the Society.” 


The foregoing “Code of Ethics’ will 
be printed in the next re-issue of a “Year 
Book” Section. It will also be suitably 
and decoratively printed, in the manner 
of membership certificates, and made 
available to members who desire copies 
for mounting or framing. 

e Final clarification was provided by 
the Committee on Awards concermng 
the procedure for the institution of 
Meritorious Certificate Awards of both 
National and District recognition. The 
Board approved the procedures which 
will be instituted Jan. 1, 1956. 

Lew Gilbert, 1955-56 National Mem- 
bership Chairman, is really going to 
work setting up an organization and 
formulating plans for all-out member- 
ship promotion during the coming year. 
Iveryone will be hearing from him real 
soon, Let's all give him not only a 
hand but some real strong-arm and 
long-leg support. Lf we all sell AWS 
to our associates and friends, our So- 
crery will soon shoot up to the 20,000 
member class! 

The Niagara Frontier Section (Buf- 
falo, to folks west of the Rocky Moun- 
tain Freight Zone and south of the Davy 
Crockett territory) elected Is Morrison 
to be chairman of the Niagara Frontier 
Arrangements Committee. This is the 


SSS 


group that will provide the ‘‘where- 
how” for putting on the 1956 Spring 
Technical Meeting. It is their respon- 
sibility to take care of all AWS members 
who are wise enough to come to Buffalo 
next May to the 4th National Spring 
Technical Meeting and Welding Show. 

Even during these hotter than .... 1955 
blister-year summer days (when this 
was written), we have been hearing wel- 
come rumblings from a number of com- 
munities working up interest in starting 
new AWS Sections! It’s a catching 
fever—and a swell one to catch! When 
a Section is successful in one city, it is 
not long before the next community asks 
itself——“‘Why can’t we have one?” 
How about your town...would it not 
support a Section on its own; or possibly 
a Division of your nearest AWS Section? 
Your District Director will be mighty 
glad to give you a hand. 

Summer (I repeat, it was summer 
when this was written) is generally the 
time to let up a bit and relax (...we 
certainly should have, after that Kansas 
City AWS Convention). But, that is 
not the way it is working out! On the 
contrary, everybody seems fully pepped 
up about going out this coming year and 
doing a bang-up job on programs and 


Calls are coming in from 


membership! 
everywhere for replenishment of Section 


supplies, literature, etc. It is certainly 
a healthy sign! 

Take Lew Gilbert, for instance. He 
maintains a quota of four new ideas a 
day on promotion plans, and keeps his 
transcribing machine hot writing letters 
and inspirational messages. Is Morri- 
son, who wears a number of AWS ac- 
tivity hats (even when driving around 
Buffalo in his souped-up factory-built 
“hot rod’’) is another fellow who never 
stops cooking up fresh ideas and brand 
new plans. And, lucky for us, there 
are many others in our midst who keep 
going at all times. 

So, in the face of all this, we had no 
choice but to cut down on our Pumpkin 
Hollow vacation time a bit, get back 
here on the hot New York City asphalt, 
give Frank Mooney a chance to take a 
dip or two in the Atlantic Ocean, and 
whip yours truly into going to work 
again. And, now, here is our space end 
point and Bonney Rossi, our Editor, is 
standing over me with his August Ist 
deadline, and a ‘‘do you want to get that 
stuff in the September JouRNAL or not?’ 

And here all along I thought I was the 
boss! 


Joe 


An Open Letter to Members of AWS 


Most of you--I hope-—know me, or 
at least know of me. Many of you, un- 
doubtedly, do not. In either case, 
however I want--most sincerely—to 
draw your attention to this letter, and 
to ask your cooperation. 

Having recently been appointed Na- 
tional Chairman of the Membership 
Committee for the AMeritcaNn WELDING 
Society, and having been aware—for a 
long time-—-of the importance of in- 
creasing our Sociery’s membership, I 
am determined to try to do an all-out 
job in this respect. Since the best pos- 
sible salesman for a good product is 
a consumer of that product, I have 
decided to place the major part of my 
emphasis toward this membership cam- 
paign in the laps of current members of 
this Sociery. It is for that reason I 
appeal to you for your help and support. 

Just consider this fact. If each of you 
made a definite effort to bring in only 
one member this year, just one, the 
Soctery would double in membership! 
Think of that. Just the effort required 
to tell one good friend, or one business 


associate-—or one of your suppliers—the 


advantages you gain from AWS mem- 
bership could, this year, give us a mem- 
bership of over 20,000 welding people. 
It’s amazing that so little effort could 
accomplish so much. 

Would you please do that for me? 
Will you promise yourself that you will 
discuss AWS membership with at least 
one of the people I mentioned? Will 
you make it your business to carry 
with you one or two applications for 
membership in your particular section? 
If you will do that, and will consider 
the advantages to yourself and to the 
entire industry which would result from 
that little bit of effort, you could help me 
to accomplish what I have set out to do 
I want to double the membership of 
AWS this 
humbly—appeal to you for your help, 
support and cooperation. May I have 
it? Your comments would be appre- 
ciated. 

Cordially yours, 
Lew GILBERT 
Chairman, National Membership 


year. I sincerely—and 


Committee 
AMERICAN WELDING SOCIETY 


If you do not have application blanks, we suggest you secure them through your AWS Section 


Secretary 
L.G 


Society News 


If you are not in a Section then please write me and | will send them along immediately 
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Welding industry’s 
greatest 
cost-cutting twins... 


IDEALARC 
and 


Never before has any combination of welder and electrode offered 
such a cost-saving potential in faster, easier welding. Here's why: 


ldealare {.: easy, efficient operation Jetweld fo. high-speed operation 
. .. first welder to give you both ... first universally adopted iron- 
AC AND DC WELDING CURRENT _ POW¢er electrode for 

extra-fast welding 


with Dual Arc Control where you high deposition 


select “soft arc” or “forceful arc” on drag operation 
AC as well as DC LET LINCOLN DEMONSTRATE 
aod in addition . . . hot starting on HOW YOU CAN PROFIT... NOW. 
DC as well as AC Send for Bulletin 1343. Write... 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1907 > Cleveland 17, Ohio 
The World's Largest Manufacturer of Arc Welding Equipment 
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TAC TaLKs 


FILLER METAL—I 


Copper and Copper-Alloy 
Filler Metal 
by F. E. Garriott 


Two AWS-ASTM tentative specifica- 
tions are available at nominal cost for 
your use; they are Specifications for 
Copper and Copper-Alloy Welding Elec- 
trodes, ASTM Designation B225, AWS 
Designation A5.6 and Specifications for 
Copper and Copper-Alloy Welding Rods, 
ASTM Designation B259, AWS Desig- 
nation A5.6, issued in 1953 and 1952, 
respectively 

As indicated, the former applies to 
covered electrodes for shielded metal- 
are welding and bare coiled wire for use 
with inert-gas  consumable-electrode 
welding and submerged-arc welding. 
The latter applies to 36-in. welding rods 
for the oxy-acetylene, inert-gas non- 
consumable electrode, atomic-hydrogen 
and carbon-are processes 

Kach specification covers in detail 
classification, chemical composition, me- 
chanical requirements, testing methods, 
standard sizes, packaging, marking and 
guarantee, In addition they each con- 
tain appendices which serve as a guide 
in the use and application of these copper 
and copper-alloy eleetrodes and welding 
rods 

Most developments the 
copper-alloy electrode field not covered 
by these specifications include ‘stranded 


recent 


wires of various compositions for use 
with the consumable-electrode method, 
a covered nickel-aluminum bronze elec- 
trode and covered ga bronze 
electrodes for metal-are welding. New 
color code identification markings were 
assigned to bronze electrodes by NEMA 
effective November 1954 and are now 
being used by the industry 

In view of the new developments, it 
is contemplated that revision of these 


F. E. Garriott is Chairman, Subcommittee VI 
AWS-ASTM Committee on Filler Metal Man 
ager, Weldrod and Wire Department, Ampeo 
Metal, Ine 


specifications will become necessary in 
1956. 
recommendations regarding future pro- 
posed changes in these specifications 
will be welcomed by Subcommittee VI 
of your Filler Metal Committee. 


Therefore, all suggestions and 


Specifications for Stainless 
Steel Electrodes 
by R. David Thomas, Jr. 


Ever since completing the stainless 
welding rod and bare electrode speci- 
fications, Subcommittee LV of the AWS- 
ASTM Committee on Filler Metal has 
been reviewing drafts and studying re- 
visions in the covered electrode specifi- 
cations. The products of its efforts are 
available in the new edition of the stain- 
less electrode specifications which were 
recently issued, 

These specifications replace the pre- 
vious edition which is now seven years 
old, The title is the same, except for 
the insertion of the word “covered” to 
clearly distinguish it from the bare 
electrode standard 
cations for Corrosion-Resisting Chro- 
mium and Chromium-Nickel Steel 
Covered Welding Electrodes 

The new specifications differ from the 
earlier one primarily by the addition of 


Tentative Specifi- 


eight new classifications to the ten clas- 
The ex- 
Types 


sifications covered previously. 
tra-low carbon stainless steels 
308 and 316 
cations added; columbium and molyb- 
denum modifications of Types 309 and 
310 are also new in the 1955 edition; 
Types 312 (29 Cr and 12 Ni) and 318 
(onee called 316 Cb) are the other new- 
comers 

Another simplification has been ac- 
deleting the usability 
These 


are two of the new classifi- 


complished by 
Classifications 25 and 26. 
were intended to cover those electrodes 
which were designed for downhand weld- 


R. David Thomas, Jr., is Chairman, Subcommit 
tee LV, AWS-ASTM Committee on Filler Metal 


Vice-President, Arcos Corp 


ing only. A survey showed that all 
electrodes qualified as all-position types 
in the sizes specified so that the only 
usability classifications required were 
— 15 for d-e reverse polarity, all-position 
operation and —16 for a-c or d-c reverse 
polarity, all-position operation 

The companion stainless filler meta! 
specification Corrosion-Resisting Chro- 
mium and Chromium-N ickel Steel Weld- 
ing Rods and Bare Electrodes contains 
corresponding 
with atomic-hydrogen, inert-gas metal- 


classifications for use 


are and submerged-are welding 


Aluminum and Aluminum- 
Alloy Filler Metal 
by G. O. Hoglund 


An up-to-date specification on fille: 
metals for welding the aluminum alloys 
has been published as a joint effort of 
the AWS and ASTM. This is specifi- 
cation A5.10 titled Aluminum and Alu- 
minum-Alloy Welding Rods and Bar 
Electrodes. 

The specification is suitable for choos- 
ing filler metal to weld high purity 
aluminum, commercially pure alumi- 
num, the aluminum-magnesium alloys 
the heat-treated magnesium-silicon al- 
loys and many of the commercial cast 
ing alloys. The specification shows in 
detailed form the composition of th 
filler metals, 

The appendix contains useful infor- 
mation on procedure. More important 
it provides recommendations which per 
mit the choice of the correct filler meta! 
for the various aluminum alloys. Both 
welding rods and electrodes are dis- 
cussed from this standpoint 

This specification is perhaps the most 
up-to-date publication in this field at 
this time. It is used as the basis for 
choosing filler metal in the ASME Un- 
fired Pressure Vessel Code. It will find 
the same function in the new API Stor 
age Tank Code where aluminum allo 
are concerned, 

The specification represents a good 
deal of work on the part of AWS Sub 
committee or Aluminum and Aluminum- 


Alloy Filler Metal. 


G. O. Hoglund is Chairman, Subcommittee III 
AWS-ASTM Committee on Filler Metal Al 
Process Development Labs., Aluminum Compa 
of America 


Mark Your Calendar, 


for OCTOBER 17-21, 1955 | 


Now | AWS NATIONAL FALL MEETING 


Bellevue-Stratford Hotel, Philadelphia, Pa. 
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As reported to Catherine O'Leary 


ANNUAL PICNIC 
Dayton, Ohio—The final meeting 


of the 1954-55 season of the Dayton 
Section was the Annual Pienie held on 
June 14th at the Inland Activities 
Center Approximately 130 mem 
bers, wives and guests were present 

The picnic started at 5 P.M. with 
a variety of activities which kept 
everybody busy until dinner time 

After an excellent dinner, bingo was 
played with many valuable prizes be- 
ing given to the winners. Clarence 
Smultheis, the picnic chairman, and 
his committee, are to be congratulated 
for the excellent job that they did on 
The affair was thoroughly 
is hoped that 


this pienic. 
enjoyed by all, and it 
it can always be as well planned 


METALLURGY 


Oak Ridge, Tenn.—Sidney Lov 
AWS, of Chapman Valve Co 
Orchard, Mass 
the April ISth meeting of the North 
east Tennessee Section His subject 
was “Casting, Welding, and Hig! 
Temperature Metallurgy 


Indi itl 


was the speaker at 


STRUCTURAL MATERIALS 


Seattle, Wash.-—An interesting dis 
cussion on the subject of New 
Structural Materials and Their In 
fluence on Welding Procedures Wis 
given by LaMotte Grover WS, weld 
ing engineer, Air Reduction Co., Ne 
York it the May ISth meeting of 
the Puget Sound Section Mr. Grover 


improved prop 


pointed out the 


ties to be expected from these ne 
materials and discussed the welding 
procedures and recommended t 
niques. Slides were shown to ill 
trate the testing procedures of 


ious welding structures and 


failures that 


have occurred 


STRUCTURAL WELDING 


San Francisco, Calif... The regu 
monthly dinner meeting of the San 
Francisco Section was held on Ma 
23rd at the Engineers Club. Speak 
at the meeting was LaMotte Grover 
OWS, welding engineer, Air Reduction 
Co., New York, who discussed the 
new structural steel materials that are 
now available for the specification re 
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quirements for welding procedures 
vhere the newer steel materials and 
electrodes can be used to good ad 
vantage, and where not. 

This was a joint meeting with thi 
Structural Engineers Association of 
Northern California. A total of 185 
members of both associations turned 


out for the meeting 


PLANT TOUR 


San Jose, Calif.—On May 24th 
250 members and guests of the Santa 
Clara Section took part in the con- 
ducted plant tour through the new 
Milpitas plant. 


ANNUAL PICNIC 
Sheffield, Ala.—The Annual Pienic 


of the Tri-Cities Section was held on 


June 24th at the Reynolds Camp on 


Authors Invited! 


Invilalions lo prospective 
authors for the 1956 AWS 
National Spring Meeting in 
Buffalo have recently been issued 
by National Secretary J.- G. 
Vagrath. Those who plan to 
lake advantage of this new op- 
portunity are urged lo send in 
filled-in Abstract Form alt 
the earliest possible date. To 
assure full consideration, ab- 
stracts must reach AWS head- 
quarters nol later than October 
15 1955 


Wilson Lake shores. Dancing, swim- 
ming, boating and games were enjoyed 
by the 50 members who attended. 


SECTION MEETING CALENDAR 


SEPTEMBER 16th 


TRI-CITIES Section, Sheffield, Ala., T.V.A. Audi- 
torium ‘Stresses, Concentration, and Welding 
Design Using a Polarized Light Demonstration,” 
by John Durstine, Lincoln Electric Co., Birming 
ham, Ala. 


SEPTEMBER 19th 


NORTHEAST TENNESSEE Section, Ock Ridge 
Knights of Columbus Hall, 8:00 P.M 


SEPTEMBER 26th 


CORPUS CHRISTI, TEX. Engineers Club, 1552 
South Staples Street. “Resistance Weldina, 
by Frank W. McBee, Jr., Defense Research 
Lab., University of Texas. 


SEPTEMBER 27th 

SAN ANTONIO, TEX. Family Social Gather 
ing. 
SEPTEMBER 28th 

HOUSTON, TEX. “Evaluation of iron 
Powdered Electrodes for Production Use,” 
by D. B. Howard, Superintendent of Metal 


lurgical Research, General Laboratories, Ameri 
can Car and Foundry Co., Berwick, Pa. 


SEPTEMBER 29th 


BEAUMONT, TEX. (See September 28th for 
subject and speaker.) 


Section News and Events 


SEPTEMBER 30th 


AUSTIN, TEX. (See September 28th for 
subject and speaker.) 


OCTOBER 3rd 


LEHIGH VALLEY Section. Walp's Restaurant, 
Allentown, Pa. Dinner at 6:30 P.M, Meeting at 
8 P.M. “Better Welding at Lower Cost,” by 
Lew Gilbert, Executive Editor, Industry and 
Welding 


OCTOBER 7th 


NORTH CENTRAL OHIO Section. Dinner at 
6:30 in the Mansfield Leland Park Avenve 
Room, Mansfield, Ohio; followed at 8:00 
P.M. by plant tour through Empire Steel 
Corporation 


OCTOBER 11th 


DAYTON Section. Dayton Engineers Club. 
“Automation,” by Robert H, Blair, Resistance 
Welder Corp 


OCTOBER 13th 


IOWA ILLIONOIS Section, Moline, 7:30 
P.M. American Legion Club. ‘Application of 
Resistance Welding,” by Karl Matthes, Pre- 
cision Welder and Flexopress Corp. 


SOL 


Is it possible to be certain we 
* are using the right filler metal 
s for consumable electrode 
welding? 


Yes. Alcoa’s new I.G.* 
® Electrode is available in 
such a wide range of alloys 
and sizes that there is a 
right one for every job. 


Every production lot of Alcoa® I.G. Electrode 
is test welded and the welds X-rayed for 
soundness. Each 10-lb spool is individually 
packed to maintain the super-smooth finish 
to assure soundness of weld and smoothness 
of feed. Each of five alloys, 1100, 4043, 5154, 
5254 and 5356 (formerly 2S, 43S, A54S, 
B54S and XC56S), is available in six di- 
ameters. There is no better electrode. 


*inert gas 


Your guide to aluminum value 


1.G. ELECTRODE MADE OF 


ALCOA 
ALUMINUM 


ALUMINUM COMPANY OF AMERICA 


a 


iz 


A new, 176-page text, Welding Alcoa 
Aluminum, has just been re- 

leased by Alcoa. It covers 

every phase of welding in 
complete detail. For a free 
copy, fill in and mail 

the coupon. 


Avuminum OF AMERICA 
1741-J Alcoa Bidg., Mellon Square 
Pittaburgh 19, Pa. 


Gentlemen: Please send book, Welding Alcoa Aluminum. 


— 
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Where is Alcoa’s 


new I.G. Electrode 


available? 


Contact your 
nearest Alcoa 


sales office, or, 


for immediate 


delivery, call one of the Alcoa 
Distributors listed below. He 
carries a complete range of 
alloys and sizes, and you'll find 
him well qualified to work 
with your welding experts. 


ALABAMA 
Birmingham 
tHinkle Supply Co 
CALIFORNIA 
Berkeley 
Ducommun Metals & 
Supply Co 
Los Angeles 
tOucommun Metals & 
Supply Co 
Pacific Metols 
Company, Ltd 
San Diego 
Ducommun Metols & 
Supply Co 
San Francisco 
tPacific Metals 
Company, Ltd 
COLORADO 
Denver 
Marsh Steel Corp 
Metal Goods Corp. 
CONNECTICUT 
Milford 
tEdgcomb Stee! of 
New England, Inc. 
FLORIDA 
Jacksonville 
Florida Metals, inc 
Miami 
Florida Metals, 
Tampa 
tFiorida Metals, inc. 
GEORGIA 
Atlanta 
ti. M. Tull Metal & 
Supply Co., Inc 
IDAHO 
Boise 
Pacific Metal Co 
ILLINOIS 
Chicago 
Central Steel & 
Wire Company 
Corey Stee! Co 
tStee! Sales Corp. 
INDIANA 
Indianapolis 
Stee! Sales Co 
of indiana, inc 
KANSAS 
Wichita 
Marsh Steel Corp 
Metal Goods Corp 
KENTUCKY 


Lovisville 


nc 


Williams & Co., Inc. 


LOUISIANA 
New Orleans 
Metal Goods Corp 
MARYLAND 
Baltimore 
Whitehead Metal 
Products Co., Inc. 
MASSACHUSETTS 
Cambridge 
Whitehead Metal 
Products Co., Inc. 
MICHIGAN 
Detroit 
Central Steel & 
Wire Company 
Stee! Sales Co. of 
Michigan 
MINNESOTA 
Minneapolis 
Stee! Sales Co. of 
Minnesota 
MISSOURI 
Kansas City, North 
tMarsh Stee! Corp 
Metal Goods Corp 
St. Louis 
tMetal Goods Corp 
NEW HAMPSHIRE 
Nashua 
Edgcomb Steel of 
New England, Inc. 
tHome Office 


NEW JERSEY 
Harrison 

Whitehead Metal 

Products Co., Inc 
Hillside 

Miller Steel Co 
Kenilworth 

Kenilworth Stee! Co 


NEW YORK 
Albany 
tEastern Brace- 
Mueller-Huntley, Inc. 
Buffalo 
Brace-Mueller- 
Huntley, inc 
Whitehead Metol 
Products Co., Inc 
New York 
(L.1.City) Adam Metal 
Supply Co., Inc 
Eastern Bross & 
Copper Co 
Manhattan Bross & 
Copper Co 
Strohs Aluminum 
Company, Inc 
tWhitehead Meta! 
Products Co., Inc 
Rochester 
Brace-Mueller- 
Huntley, Inc 
Syracuse 
Brace-Mueller- 
Huntley, inc 
Whitehead Metol 
Products Co., Inc 


NORTH CAROLINA 
Charlotte 
Edgcomb Stee! Co 


OHIO 
Cincinnati 
Central Steel & 
Wire Co 
Williams & Co., Inc 
Cleveland 
tThe Hamilton 
Stee! Warehouse 
Jones & Laughlin 
Stee! Corp 
Williams & Co., Inc 
Columbus 
Williams & Co., Inc. 
Toledo 
Williams & Co., Inc. 


OKLAHOMA 
Tulsa 
Metal Goods Corp. 


OREGON 
Portland 
tPacific Metal Co. 


PENNSYLVANIA 
Philadelphia 
tEdgcomb Steel Co 
Whitehead Metal 
Products Co., Inc 
Pittsburgh 
{Williams & Co., Inc. 
York 
Edgcomb Stee! Co 


TENNESSEE 
Memphis 
Metal Goods Corp 


TEXAS 
Dallas 

Metal Goods Corp 
Houston 

Metal Goods Corp 


UTAH 

Salt Lake City 
Pacific Metals 
Company, Ltd 


WASHINGTON 
Seattie 
Pacific Metal Co. 


WISCONSIN 
Milwaukee 
Central Steel & 
Wire Company 
Stee! Soles Co. of 
Wisconsin 


New Section Officers 
Fiscal Year 


Anthony Wayne—Chairman, D. B. Rice; 
Ist Vice-Chairman, Jacob 8S. Geiser; 
2nd Vice-Chairman, Delbert Clark; 
Secretary-Treasurer, Carl Cary; Chi 
Membership Committee, Ernest 
Albert; Chr. Program Committee, 
Delbert Clark; Technical Repre 
sentative, Kenneth Zimmerman 

Birmingham—Chairman, O. G. Thomas; 
Ist Vice-Chairman, R. E. Clotfelter; 
Secretary-Treasurer, K. V. Nickel 

Cleveland—Chairman, Allan P. Stern; 
Ist Vice-Chairman, Arthur G. Portz; 
2nd Vice-Chairman, William P 
Mavor; Secretary-Treasurer, Robert 
J. Kriz; Chr. Program Committee, 
Arthur G. Portz; Chr. Symposium 
Program Committee, Wm. P. Mayor 

Colorado—Chairman, C. Brinton Swift; 
Ist Vice-Chairman, Edw. O. Brown- 

Vice-Chairman, C. 
Withers; Secretary-Treasurer, C. 
Reissig; Chr. Membership Com 
mittee, Herman A. Geller; Chr. Pro 
gram Committee, David C. Card; 
Technical Representative, Robert B 
Craig, J1 

Dayton—Chairman, Robert M. Hous; 
Ist Vice-Chairman, William H. Ho 
bart, Jr Secretary, Charles O 


ing; 2nd 


Adams; Treasurer, Clarence Shultheis; 


Chr. Membership Committee, B. K. 
Feinthal; Chr. Program Committee, 
William H. Hobart, Jr.; Technical 
Representative, Albert J. Mealey 
Fox Valley—Chairman, A. C. Mulder; 
Ist Vice-Chairman, H. Skatrud; 2nd 
Vice-Chairman, J. Revelt; Secretary, 
C. G. Malmberg; Treasurer, John 
Wiegand; Chr. Membership Com- 
mittee, G. K. Willecke; Chr. Program 
Committee, H. Skatrud; Technical 
Representative, C. J. Sappington 
Holston Valley—Chairman, Robert 
Lahr; Secretary-Treasurer, R. T 
Rogers; Chr. Membership Com 
mittee, Glenn Clore 
Kansas City—Chairman, Dean ik 
sroderson; Ist Vice-Chairman, Frank 
(. Singleton: Secretary, Blaine G 
Harrington, Jr.; Treasurer, Tom O 
McDowell: Chr. Membership Com- 
mittee, Frank G. Singleton; Chi 
Program Committee, William J. New 
ton; Technical Representative, Leslie 
N. Williams 
Chairman, 
Boosey: Ist Vice-Chairman, Richard 
I. Odell: Secretary, William C. Davis 
Treasurer, Chester A. Hare; Chr 
Membership Committee, Herbert 
Martin; Chr 
Richard KE. Odell; Technical Repre- 
sentative, Arthur B. Doudna 
Madison—Chairman, Howard Adkins; 
Ist Vice-Chairman, Fred KE. Theiler; 
2nd Vice-Chairman, Arnold Ehle 


Louisville Lawrence N 


Program Committee 


Section News and Events 


for 1955-56 


Secretary - Treasurer, Raymond 

Knudtson; Chr. Membership Com- 

mittee, George Sell; Chr. Program 

Committee, Fred E. Theiler; Tech- 

nical Representative, Russell J. 
Herreid 

Mahoning Valley—Chairman, W. F. 
Buchanan; Ist Vice-Chairman, J. 
Manternach, Jr.; Secretary-Treas- 
urer, N. G. U’Halie; Technical 
Representative, Dr. I. A. Oehler 

Maryland—-Chairman, A. Clemens, Jr.; 
Ist Vice-Chairman, R. L. Sibley; 
2nd Vice-Chairman, C. Basel; Secre- 
tary, J. H. Burnley; Treasurer, B. F. 
Jones; Chr. Membership Committee, 
C. Basel; Chr. Program Committee, 
R. L. Sibley; Technical Representa- 
tive, R. Metius 

Milwaukee——-Chairman, Joseph  H. 
Stevens; Ist Vice-Chairman, Francis 
J. Harencki; Secretary-Treasurer, 
Anton L. Schaeffler; Chr. Member- 
ship Committee, Louis L. Ahsinger; 
Chr. Program Committee, Francis J. 
Harencki; Technical Representative, 
Robert J. Keller 

Vorth Central Ohio--Chairman, Robert 
A. Ellison; Ist Vice-Chairman, Solon 
MeDonald; 2nd Vice-Chairman, Ray 
B. Leiter; Secretary, Howard B. 
Cary; Treasurer, Joseph D. Henne 

Vortheast T’enn.—-Chairman, Gerald M, 
Slaughter; Ist Vice-Chairman, J. C. 
Thompson; 2nd Vice-Chairman, 
Glenn EK. Elder; Seeretary, A. A. 
Walls; Treasurer, Ek. N. Rogers; Chr. 
Membership Committee, L. R. 
Bledsoe; Chr. Program Committee, 
J. C. Thompson; Technical Repre- 
sentative, Ik. C. Miller 

Oklahoma City Chairman, Ed. Lindsey ; 
Ist Vice-Chairman, C. W. Case; 
Secretary, Robert A. Bernier; Treas- 
urer, Lon Erickson; Technical Repre- 
sentative, Paul Wedel 

Olean-Bradford Chairman, Michael H. 
Robinson; tst Vice-Chairman, Albert 
W. Langley; Secretary, Andrew P. 
Kasper; ‘Treasurer, Sid L. Worth; 
Technical Representative, Andrew 
P Kasper 

Puget Sound Chairman, Roy A. Kamb; 
Ist Vice-Chairman, Erie Kinnaird; 
Secretary-Treasurer, D. Orth 

Rochester -Chairman, Nelson Martin; 
Ist Vice-Chairman, Robert Barr; 

Walter Dick; Treasurer, 
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G-E SELF-REGULATING GENERATOR is the 
heart of the Fillerarc Automatic Weld- 
ing system 
maintains constant arc length.  stubbing. Resulting high weld quality is uniform. Above: weld on semi-killed steel. 
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G-E Automatic Welding System 
ses CO, to Slash Gas Costs 95% 


FILLERARC ... first complete equipment designed especially for 


automatic gas-shielded welding; combines unique generator with 


low-cost carbon dioxide—for sound welds on mild steel. 


General Electric’s new Fillerarc Automatic Welding 
Equipment brings you—-not only 95% savings in 
shielding-gas costs but sound welds on mild steel. 
The great savings possible through use of CO» as a 
shielding agent have long been recognized —but good 
mild steel weld quality has never been obtained. Now, 
after two years of successful application of Fillerarc 
equipment on non-ferrous metals (using inert gas), 
G-E engineers bring you the total solution for mild 
steel welding savings plus high qua‘ity. 


5% SAVINGS ARE POSSIBLE because CO, costs only 
1/20th as much as inert gas. For the average job, 
Argon would cost $5.00 per hour, CO, only twenty- 
five cents. This means yearly savings per equipment 
may be as high as $20,000 on a 3-shift, 60% duty 
cycle basis. This new G-E system can now replace 
the submerged arc methodon many jobs and eliminate 
many of the problems associated with granular flux. 


EXCLUSIVE G-E GENERATOR practically eliminates 
the erratic weld quality formerly obtained with CO». 
Here’s why: Only the G-E Fillerarc generator—-with 
its exclusive rising volt-ampere characteristic — sup- 
plies an arc length which always remains constant, 
even with adjustments in wire speeds. This means 
minimum weld porosity and spatter-—and deep 
penetration for extra-strong welds. 


Why the complete G-E system makes possible quality mild-steel welds with CO, 


ist} 
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COMPARED TO OTHER INERT-GAS SYSTEMS, G-E 
Fillerarc equipment .. . 

@ Reduces gas costs 95%, for yearly savings up to 
$20,000 per equipment; 

@ Delivers consistent weld quality because of the 
unique G-E Fillerarc generator; 

@ Assures constant speed; system is insensitive to 
normal line-voltage changes; 

@ Provides wire-feed speeds as high as 1000 I.P.M. 


COMPARED TO FLUX-SHIELDED METHODS G-E 
automatic Fillerarc equipment .. . 

@ Deepens penetration with low-cost CO»; 

@ Provides a visible arc for full control of weld quality, 
permits less expensive fixtures; 

@ Does not use abrasive flux—especially important 
in welding compressor housings and similar jobs; 
@ Eliminates stubborn flux slag; cleaning costs are 
greatly reduced; 

@ Eliminates expensive flux recovery systems. 


FOR MORE DATA contact your G-E welding sales 
engineer —and write for bulletin GEC-1334 to Section 
713-1, General Electric Co., Schenectady, N. Y 


SEE G-€ automatic Fillerarc equipment demonstrated at 
the National Metal Exposition, Philadeiphia, October 17-21. 


Unique rising volt-amp does not get into area 


AMPERES 
WIRE 


RISING VOLT-AMP CURVE of the exclusive G-E DEEP PENETRATION is produced by 
Fillerarc generator matches rising arc curves .. . 


short arcs and faster wire speeds 
burnback and tpyical with Fillerarc equipment 


Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 
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PuLLERARC TORCH 
WONAL TO 
a wou” TRAVEL 


FULERARC GENERATOR 
j 


G-E FILLERARC EQUIPMENT is the only complete equipment 
especially designed for consumable-electrode gas-shielded 
welding. Simplicity of the system makes possible use 
of less expensive fixtures and greater over-all efficiency 
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Steady, Positive, Precision 
Rotation for AUTOMATIC 


WELDING with Aronson 
Positioning Equipment. 


GOMIVERSAL Balanced POSITIONING 
Model C 500 shown 
25 Ibs. to 2,000 ibs. capacity 


HEAVY DUTY GEAR DRIVEN POSITIONING 


Model HD 25 shown 
500 ibs. to 24,000 ibs. capacity 


WEAD and TAIL STOCK 
POSITIONING 

Model HTS 5 shown 
Capacities 5,000 Ibs. 
to 160,000 Ibs. 


ad | 
| 
BODEL 21 (shown) SUPER GEAR DRIVEN - 
POSITIONER with powered rotation Aronson TRACTRED Turning Rolls 


Steady, positive, precision rotation for automatic weld- 
Wilt and elevation Tl (shown) capacity 6,000 ibs unit. 


n 
MODEL 1.21 Powered rotation, ball bearing weet 12 capacity 12,000 Ibs. per unit. MODEL 13 capac- 
manual tilt and elevation ity 18,000 Ibs. per unit 
MODEL 21.? Powered rotation and tilt, ball 
bearing manual elevation 
MODEL Powered rotation and elevation, 
ball bearing manual tit 
MODEL 1.21. PL Powered rotation, 
tit and elevation 
5000 Ibs. capacity @ 6” CG location 


HEAVY DUTY PRECISION BUILT RUBBER TIRED TURWING ROLLS | 
5,000 ibs. to 150 tons capacity fregsme 
POMSON machine company | 


ARCADE, NEW YORK 
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ELECTRODES GIVE 
BETTER RESULTS AND 


ARCAIR 


SAVE YOU MONEY! 


A= electrodes enable you to 
realize the full performance 
and economy designed into your 
Arcair torch. No substitute elec- 
trode will perform as well or give 
as much value as genuine Arcair 
carbon-graphite electrodes. Ar- 
cair electrodes employ a special 
compound of carbon and graphite, 
developed and processed espe- 
cially for use with the Arcair torch. 
This unique blending of carbon 
and graphite results in an elec- 
trode with the best qualities of 
each material, as well as superior 
arc stability. Recent tests proved 
the average life of an Arcair elec- 
trode to be 36% better than a popu- 
lar competitive grade, yet Arcair 
costs about one half as much! 


Arcair superior carbon-graphite 
electrodes are available in plain or 
copper-coated types in sizes %%»" 
to 44” in diameter. Special metal 
electrodes are also available for 
exceptional requirements of cast 
iron and copper alloy work. We 
want you to prove the money sav- 
ing features of these electrodes 
ON YOUR OWN WORK! Write 
us for FREE SAMPLES of Arcair 
electrodes, try them at no charge, 
and you will quickly see why YOU 
CAN’T AFFORD NOT TO USE 
THEM! With your FREE ELEC- 
TRODES, we'll send complete de- 
tails of these finer electrodes, 
along with additional test data. 


WRITE FOR YOURS TODAY! 


431 South Mt. 
Pleasant Ave. 
Lancaster, Ohio 


Arcair torch 


Cuts all metals —using only electrn ore and compressed air 
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To give frame and gear box bonus 
strength— guts to withstand extreme 
punishment— Caterpillar welds with 
A. Smith's SW-35 electrodes. 
SW-35 (E-6020) electrodes produce 
45° filles without undercut, are 
ideal for downhand welding, too. 


SOS 


elding 


A. O. Smith SW-17 electrodes are 
used to complete the mighty D9’s 
frame. These AWS Class E-6012 
electrodes lend themselves to heavy 
production welding ... possess great- 
er built-in toughness than other elec- 
trodes in their class. 


Critical parts of the D9’s steering 
clutch case are welded with A. O. 
Smith SW-15 electrodes. High heat 
and high speed combine with stand- 
out performance in all positions to 
make these the finest universal elec- 


trodes in AWS Class E-6013. 
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in, CATERPILLAR 
‘ 


electrodes help build 


bigge 
tractor 


CATERPILLAR D9 TRACTOR 


Built for brutal service . . . this the mightiest 
of all crawler tractors delivers 230 turbo- 
charged horsepower at the drawbar. 


Reliable performance on the world’s tough- 
est projects results from Caterpillar’s engi- 
neering and manufacturing skill... unfailing 
insistence on quality, The company is famous 
for using only the finest materials and com- 
ponents. For years, they have been among 
the largest users of A. O. Smith electrodes, 


NOTE! A. O. Smith supplies three kinds 
of welding elec trodes for use in the manu fae- 
ture of the world’s biggest crawler tractor — 
the D9. These electrodes are favorites with 
the welding operators who work on the D9 
line, Of course, all three electrodes were se- 
lected after thorough testing... after they 
had proved their ability to produce Cater- 
pillar-quality welds all the time. 


If welding quality is on your mind, too, it 
will pay you to investigate A. O. Smith elee- 
trodes. See the represent; itive who calls on 
you... or write A, O. Smith Corporation, 


Welding Products Division, Milwaukee |, Wis. 


PRODUCED BY WELDERS FOR WELDERS 
Because welding is our full-time business, we offer you America's 
top line of weider-proved electrodes, machines and accessories. 


Through research ...@ better way 


The man 
from 
A. O. Smith... 


Erv Steidl is the representative who helped Cater- C eaten, ao 
pillar select the right A. O. Smith electrodes for use 
on the D9. Not just a salesman — but a trained WELDING PRODUCTS DIVISION 


welding consultant — the man from A. O. Smith Milwaukee 1, Wisconsin 
will be glad to help you with your welding problems. 


INT RNATIONAL DIVISION: MILWAUKEE 1, WIS 
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.astracts or current PAT El 


2,711,9590-— W Sree. ror Deveior- 
ino Hien Surnrace Harnpness Unver 
Imeact—William T. De Long, West 
Manchester Township, York County, 
and Gustaf A. Ostrom, Paradise Town- 
ship, York County, Pa., assignors to The 
McKay Co., Pitteburgh, Pa 
This patent is on an article including a 

structure having a welded deposit thereon 

develops high surface hardness 

The deposit also is free 


which 
under impact 
from excessive shrinkage and has a special- 
ized composition including from 0.20 to 
0.85% of carbon and specified quantities 
of various other alloying metals, the re- 
mainder of the deposit material being iron. 


2,711,970-—Process or Currina STAIN- 
Less Sree, anp THe Like —John B. 
La Pota, Chicago, Ill, assignor to 
National Cylinder Gas Co., Chicago, Ill 
This method of cutting metal is for 
those materials normally immune or 
resistant to conventional flame cutting 
with preheat by oxygen alone. The new 
method includes the step of delivering a 
flux-forming material to the site of the 
cut in a stream of carrier gas comprising a 
mixture of a gas which is nonoxidizing 
under specific flame cutting conditions, 
and mixing at least 5% by volume of 
hydrogen with the mixture so that no 
more hydrogen is present than would 
render the mixture inflammable in air. 
This is done to improve the metal surface 
by reducing or preventing the formation of 
a tightly adhering scale thereon. 


anp 
penne Gun —Kark J. Aversten, Lidingo, 
Sweden, assignor to Svenska Aktiebo- 
laget Gasaccumulator, Lidingo (near 
Stockholm), Sweden 
The patent is on an electric welding gun 
for welding a rod-shaped member to a base. 
The gun includes a time control arrange- 
ment mounted integral with the gun and 
including a welding circuit, a supply of 
fusible wire dimensioned to melt when the 
energy required for the welding process 
has been supplied, and jaws for removably 
connecting an end portion of the wire in 
series with the welding circuit 


Brasina with 
Correr-Base Louis E. Stark, 
Grand Island, N. Y., assignor to Union 
Carbide and Carbon Corp 


2,712,175 Process of 


Stark's patent is on a process of brazing 
by depositing a copper base alloy on a 
metallic article. The process includes the 
step of melting in an inert shielding 
atmosphere an alloy containing 25 to 35% 
manganese, | to 10% aluminum, 0.1 to 2% 


900 


prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 25, D. C. 


silicon and the remainder copper and in- 
cidental impurities. 


FoR FLATTENING 

INTERNAL Beaps in 

Walter Siegerist, University City, Mo., 

assignor, by mesne assignments, to 

Continental Foundry & Machine Co., 

East Chicago, Ind. 

In this patent, a machine is provided 
for positioning an anvil within a tube 
formed from skelp, while hammer means 
are provided on the outside of the tube for 
being periodically moved radially in- 
wardly to flatten the internal bead of the 
tubing against the anvil. Other special 
control means are provided for the ham- 
mer and anvil and control action thereof. 


2,712,585 —PNEUMATICALLY OPERATED 
AND CONTROLLED RESISTANCE 
We.per—Steven Domeny, Chicago, 
Ill. assignor to Ada Metal Products, 
Chicago, IL. 

This patent relates to an electric resist- 
ance welder that has a pair of opposed 
welding electrodes mounted in respective 
arms of the welding machine which elec- 
trodes are supplied with current from a 
conventional power supply source. One 
of the arms is pivoted to permit the elec- 
trodes to be brought together with sub- 
stantial pressure in welding relationship. 
Certain control cylinders and cam means 
are provided in the apparatus for regu- 
lating the duration and pressures of the 
welding contact of the welding electrodes. 


2,713,105-—Sror We.oinc Apparatus 

Fritz Gengenback, North Attleboro, 

Mass., assignor to Evans Case Co. 

This patent relates to special spot weld- 
ing apparatus wherein members are to be 
united together wherein one member has a 
surface ornamentation on one face thereot 
One of the electrodes has a surface config- 
uration similar to the ornamentation of the 
one piece butin inverseorder for detachably 
locating the one member relative to the 
axis of the electrode. ‘Tubular means are 
associated with the other electrode for 
detachably holding other members and 
locating them with relation to the first 
member for welding action 


2,712,106 Apraratus— Perry 
C. Arnold, Chieago Ill, assignor to 
Chicago Bridge & Iron Co 
Arnold's patent is on apparatus for weld- 

ing substantially horizontal edges of sub- 

stantially vertically extending stationary 
plates and it comprises a chassis having 
rolling means mounted thereon for carry- 

ing the apparatus around the shell of a 


Current Patents 


tank in a direction parallel to the upper 
edge of the plates. The chassis carries 
welding means thereon, and a motor is 
provided for driving the entire apparatus 
along the plates. 


Rop Ho_per—Wil- 

liam D. White, Mount Ephraim, N. J. 

White's patented welding rod holder 
includes an elongated casing having a weld- 
ing rod receiving opening in a side thereof. 
A sleeve in the casing is in alignment with 
the opening for receiving the end of the 
welding rod, and a lever is positioned on 
the casing in such a manner as to obstruct 
the opening in the casing, and in a second 
position the lever is out of registration with 
the opening. Other control means are 
provided for completing the novel welding 
rod holder. 


MerHop FoR CLADDING AND 
Propucr Resutting THEeRerRoM 
Robert L. Brown, Birmingham, Ala., 
assignor to Chicago Bridge & Iron Co 


2,713,196 


Brown's patent on a method of forming 
clad plates includes the step of making a 
sandwich including a base plate and a 
cladding plate with a thin layer of brazing 
material between them, and the edges of 
the sandwich are hermetically sealed so 
that a vacuum of not less than about 18 in. 
of mercury is provided in the chambered 
area of the plate. The assembled plates 
are heated to a brazing temperature suffi- 
cient to melt the brazing material so that 
their contiguous surfaces move together 
under the existing vacuum condition in the 
chambered area. Then the assembled 
plates are cooled to below the melting 
range of the brazing material while main- 
tained in the vacuum of the chambered 
area. 


Macnuine —Alfred 
H. Lewis, Huntington Woods, Mich., 
assignor to Swift Electric Welder Co., 
Detroit, Mich 
A novel welding machine is disclosed and 
it has paired sets of clamping electrodes 
with a first set of electrodes being sta- 
tionarily positioned and being nonadjust- 
able, whereas a second set of clamping 
electrodes is provided and is movably and 
adjustably positioned as a set with rela- 
tion to the first set A saddle is provided 
in association with the movable, adjust- 
able set of electrodes, and other means are 
provided for rocking this saddle, which is 
ussociated with the movable electrodes 
and thus is movably associated with refer- 
ence to the set of stationary electrodes. 
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Appointments Made by 
National Welding 


Ernest L. Mathy, chairman of the 
board of directors, National Welding 
Equipment Co., San Francisco, Cali 
advises that the board of directors has 
elected Henry L. Pohndorf, vice-presi- 
dent in charge of sales. Mr. Pohndorf, a 
graduate of Massachusetts Institute of 
Technology and in the welding industry 
for many years, has been chief engineer 
for the company, and recently, general 
sales manager. He has been with the 
company for some ten years 

Announcement was also made of the 
appointment of William G, Norman as 
chief engineer for the company 

Richard K. Brown has been elected 
treasurer, and Mrs. Lois J. Currier, 
assistant treasurer of the company. 


Welded Bridge Stirs 
Wide Interest 


In the July 14, 1955, Buffalo Evening 
News, there appears a very interesting 
story concerning the Erie Thruway 
Bridge being built over Cattaraugus 
Creek near Irving 

“It’s not its size or length that’s at- 
tracting attention,’’ Mr. Wacker writes 
“The five spans totaling 664 ft will look 
pretty much like any other bridge. It’s 
the method of construction that’s inter 
esting. 

“This bridge is believed to be the 
first major all-welded plate girder bridge 
to be built in the United States,’’ ex- 
plained Walter J. O’Brien, supervising 
engineer on the job for the State De- 
partment of Public Works 

There have been other all-welded 
bridges but none have been major 
bridges. The others have been smaller 
units 

Inquiries began flooding in back in 
1946 when plans were first publicized in 
a national magazine, Engineering News 
Record. 

“We received letters, from everywhere 
in the world—even India—asking about 
the bridge,’’ the white-haired veteran 
of 34 vears of state service observed 

‘We had to write and tell them it 
hadn't even been built, but Ernst Con 
struction Corp. 1s fabricating the steel 
and will start erecting it in about a 
month.” 

Welded bridges are much cheaper to 
build, Mr. O’Brien explained, and the 
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floor becomes part of the span, thus 
helping support its own weight load 

The bridge, for which three of fou 
piers have been finished, is the largest 
of four being built in the twelve miles 
of thruway now under construction in 
Chautauqua County 


Union Carbide Presented 
Safety Award 


For the second consecutive year 
Union Carbide was presented the Na- 
tional Safety Council’s Award of Honor 
on the basis of its 1954 safety record, 
which surpassed the corporation's all- 
time record set in 1953. The 1954 
Award was given, as usual, for a redue- 
tion of frequency and severity rates be 
low par rate s established by the Council 
During 1954, the accident frequency rate 
for corporation employees of 3.02 dis- 
abling injuries per million man-hours 
worked was 44% below the par rate 
The severity rate of 0.58 day lost per 
thousand labor hours worked was 38% 
below 

In addition to the corporation's 
award, several individual plants have 
received Awards of Honor A total of 
133 awards were received from the 
National Safety Council in recognition 
of plant, home and off-the-job safety 
programs, and 118 awards were re- 
ceived from national, state and local 


agencies 


The K-G Equipment Co. (Inc.) 


The K-G Equipment Co. Ine., Allen 
town, Pa., announce the appointment 
of the following distributors for thei 
industrial equipment: National Weld 
ing Supply Co., 457 St. Michaels St 
Mobile, Ala.; Tex-Air Gas Co., 211 
Sue hanan St Amarillo Tex Sanders 
& Stewart, 608 E. Pearl St Jackson 
Mich.: W & 8 Service Engineers, 1113 
N. Hiekory St., Joliet, Ill; Welders 
Service & Supply Co., 2164 Spring 
Grove Ave., Cincinnati, Ohio 


WW Alloys Distributor 


tjond Welding Service Co 1120 
Cobt st Drexel Hill. Pa.. has been 
appointed ituthorized distributor in the 


greater lace phia area tor resistance 
welding electrodes water-cooled hold 


Vews of the Industry 


ers, seam Welding wheels and other re- 
sistance welding materials made by WW 
Alloys, Ine., division of Fansteel Metal- 
lurgical Corp., according to an announce- 
ment by Richard I, Allen, sales manager. 


Miss Mullarky Retires 


The Champion Rivet Co, advises that 
Miss Mazy C. Mullarky resigned after 
56 years of faithful and efficient service. 
Miss Mullarky was employed in 1899 
by the late David J. Champion who 
founded the company in 1895, She 
was employed as private secretary to 
Mr. Champion and continued in that 
capacity under the current president, 
T. Pierre Champion, Miss Mullarky 
started her service at a time when it was 
the exception rather than the rule for 
women to be employed in office work, 


COMING 
EVENTS 


A Calendar of Welding Activity 


AWS National Meetings 
1955 Fall Meeting: 
October 17-21, Bellevue-Stratford 
Hotel Philadelphia, Pa. 
1956 Spring Meeting: 
May 8 12, Statler Hotel, Buffalo, 
N. ¥ 


NEAWSD Meetings 
First Fall Meeting, Tuesday, Septem- 


ber ZU 
Hampton Court Hotel, Brookline, 
Mass 


NWSA Meetings 
Central Zone 
September 19 and 20, Morton House, 
Grand Rapids, Mich. 
Luncheon Meeting, October 18, 
Bellevue-Stratford Hotel, Phil- 
adelphia, Pa. 


RW MA Meetings: 
September 23, 

Westinghouse Electrie Corp., Buffalo, 
Ny 

October 18th, Philadelphia, Pa. 
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Everyone ‘‘claims’”’ service today...we ‘‘mean”’ 


e S A Fe Cc | ...¢reating an ever-growing list of 


EUTECTIC FP R © D U Cc T 4 © a ... quality controlled, versatile, to 


WEOING 


Here is the perfect combination of “welding alloy 
exclusively” research, production, and service, in 
which teams of metallurgists, chemists, and en- 
gineers create new and better welding materials .. . 
in the versatile production lines .. . to the Eutectic 
Your Eutectic District Engineer has the District Engineers all over the country who bring 


new Eutectic picture book of facts into your shop the advantages of the famous “Low 
— ask him for a copy of this helpful Heat Input” metal joining process which mini- 
volume — it’s packed with stories and mizes or eliminates distortion, stress and embrittle- 
photographs of independent tests show- ment. Here, indeed, are the reasons why Eutectic 


ing actual proof of “Eutectic” savings. “Low Temperature Welding Alloys” are preferred 


UTECTI 

| 

~ 
. 

° 
= RV Cc E ...more than 350 District Engineers 

see 

bis 


service whether you use 5 lbs. or 5,000 lbs. of alloy! 


which minimize distortion, warping and embrittlement 


“Low Temperature Welding Alloys” 


/ 


® A REGISTERED TRADE MARK OF EUTECT WELDING ALLOYS CORPORATION 


preferred for good reasons 


BOOTH No. 1225 
37th Annual 
National Metal Exposition and Congress 
Philadelphia Convention Hall 
October 17th through October 21st 


and specified by more than 87,000 users for all their 
metal joining needs. These weldors and engineers 
know that Eutectic is “America’s leading institu- 
tion devoted to the research and manufacture of 


special metal joining alloys” —- your guarantee of 
“Better, Faster, Cheaper” welding. 


FREE to help you select from among the 


more than 160 EutecRods and EutecTrodes, 
those that will give you the largest savings per 
job, write for your free copy of our 32-page 
DirectoRod Guide. Ask for TIS 1340 


EUTECTIC WELDING ALLOYS CORP. 


40-40 172nd Street, Flushing 58, New York 
WORLD-WIDE WELDGINEERING TEAM 


With Associated Laboratories in 


Paris, France 
Frankfort, Germany 


Lausanne, Switzerland 
London, Englend 


lw 
EUTECTIC 


50 
| 
| 
| 
| 
| 


) produce more than 160 different job-engineered “Low Temp” EutecRods and “‘Low Amp” EutecTrodegm@ 
going into shops everywhere to bring you all the benefits of Eutectic research and know-how. 3 


GE DEDICATES NEW RESEARCH BUILDING 


Aerial view of the new Metals and Interior view of high-bay area of the new Metals and Ceramics Building at the 


Ceramics Building at the General Elec- General Electric Research Laboratory. 


“Mezzanines” (center background), sup- 


tric Research Laboratory. The new porting pilot-plant apparatus, are tied to the main structure of the building. At 
building, which is located at The Knolls the left corner of the building in the background is the one-ton, three-phase arc 
overlooking the Mohawk River near furnace. Other major items of equipment visible from the picture include a large 
Schenectady, N. Y., was formally dedi- drop forge hammer and an extrusion press (on the left), and the reversing rod 
cated Aug. 26, 1955 and strip mills and industrial heating equipment on the right 


FOR WELDING AND 
CUTTING... 


IN THE 
RED DRUM 


HIGHEST 
QUALITY 


DUST-FREE 


Write for the name and address 
of the NATIONAL CARBIDE supplier nearest you. 


National Carbide Company 


+ @ONERAL OFFICES: 60 EAST 42ND STREET, NEW YORK 17, N. Y. 
A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 


News of the Industry 


Quick setting double-action clamp grips work 
more securely. Holds irregular and off-parallel 
surfaces as well as flat work due to pincer action. 
Easily tightened in cramped areas. 


4 SIZES: 21/,” TO 6” OPENING 


SPATTER-PROOFED—NACO NO. 6 STEEL 
(80,000 LBS. TENSILE) 


Famous G*“"D "C” Clamps 


Alloy Steel (Stronger than forged) Spatter-Proofed | 

Screws, Deep Throat — Replaceable Swivels | 

LIGHT SERVICE MEDIUM SERVICE HEAVY SERVICE 
SERIES SERIES SERIES 


ASM SERIES ASH SERIES 
7 Sizes SIZES 

18° 1214’ 

STOCKED and DISTRIBUTED 
sy 
NATIONAL CYLINDER 
GAS COMPANY 
Offices in Principal Cities 
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FOR YOUR INFORMATION 


Here are some new AWS standards you may have missed— Bet 
* Mild Steel Arc-Welding Electrodes, Specifications for + 2 40 cents 
Nickel and Nickel-Base Alloy Covered Electrodes, Specifications for 10 cents 
Aluminum and Aluminum-Alloy Welding Rods and Bare Electrodes, 
Specifications for 10 cents 
Corrosion-Resisting Chromium and ( ‘hromium- Nickel Steel Welding 
Rods and Bare Electrodes, Specifications for. . 40 cents 
Application of Metallized Coatings to Protect Against Heat Corrosion; 
Part IC of Recommended Practices for Metallizing 50 cents 
; Safe Practices for Inert-Gas Metal-Arc Welding. . 50 cents 
Repair Welding of Cast Iron Pipe, Valves and Fittings, Rec ommended 
Practices ee 50 cents 
Postweld Heat Treatment of Austenitic Steel Weldments, Recom- 
mended Practices 5Ocents 
Copper and Copper-Alloy Elec trodes, Rev ised Spec ifications 40 cents 
Spot Welding Aluminum and Aluminum Alloys, Recommended Prac- 
tices .... $1.00 


* Includes Iron Powder Electrodes 


Send your order for any of these publications or your request for more information 
33 W. 39th St., New York 18, N. Y. 


to AMERICAN WELDING Society, 


The Westinghouse RMC welder furnishes 25 to 250 
amps a-c or 20 to 200 amps d-c from a single-phase, 
230-volt, 60-cycle outlet. 
The RMC offers you NEW 
manufacturing freedoms: 

e Continuous current range 

for a-c or d-« 
¢ Overload protection 
e Needs only 47 primary 


amps 

e Very portable...only 200 
pounds 

e It will burn any type elec- 
trode 


R MC is your answer for fab- 
rication where one welder 
isdoing a-cand d-c welding. 
Designed to carry the high currents necessary for intense heat, Get the facts now. Write 
BBB Keen-Arc Carbons produce a fine-grained weld of high WESTINGHOUSE ELECTRIC 
tensile strength. They give a smooth, steady “flowing” flame CORPORATION, WELDING 
which does not wonder and which is concentrated ot the desired Depr., Box 868, Pittsburgh 
focal point. Flame temperature is easily and accurately adjusted 30, Pennsylvania. 
by merely changing the ampere input, and heavy copper coating J-21916 

permits gripping at extreme ends—eliminates frequent and peri- 

odic resetting. 


A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
and graphite electrodes, carbon rods and plates, welding paste, etc. 
Write for catalog. 


BECKER BROTHERS CARBON CO. 


3450 South 52nd Ave. - Cicero 50, Minois 
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Baltimore Distributors Form ORGANIZATION MEETING HELD BY 
Local Organization BALTIMORE DISTRIBUTORS 


A meeting was held on July 6, 1955, 
at the Park Plaza Hotel in Baltimore 
and the Baltimore Welding Supply 
Association, Inc. was founded. The 
speaker of the evening was A. C. Axtell 
of Essex Welding Equipment Co., New- 
ark, N. J. and vice-president of the 
National Welding Supply Association, 
who gave the group the benefit of his 
wide experience in forming a similar 
Association in the Newark area. 
The following officers and directors 
were elected: 
President—A. C. Karlbeck, Earlbeck Charter members present at the July 6th meeting of Baltimore Welding Supply 
& Landrum, Ine. Association (left to right): Bob Donovan, Harris Calorific Sales Co.; Milton Phelps, 
V ice-President---L. H. Mathews. Guil- Arundel Sales & Service Co.; Fred Blenckstone, Baltimore Oxygen Supply Co.; 
ford Welding Supply Co. W. C. Landrum, Earlbeck & Landrum, Inc. (Secretary); Harry Fountain, Welders 
Secretary W. ©. Landrum, Earlbeck Supply Co.; Dick Carlin, Chesapeake Welding Supply Co.; A. C. Earlbeck, Ear!- 
& Landrum. Inc beck & Landrum, Inc. (President); A. C. Axtell, Essex Weldng Equipment Co. (Guest 
Treasurer—Fred Gaebler. Prest-O- Speaker); Harry Weaver, Prest-O-Baltimore Co.; Fred Gaebler, Prest-O-Balti- 
Baltimore Co. more Co. (Treasurer); Clyde Adams, Southern Oxygen Co.; Randy Cooke, Arundel 
Directore—Fred Blenckstone, Balti- Sales & Service Co.; L. H. Matthews, Guilford Welding Supply Co. (Vice-Pres.) 
more Oxygen Supply Co.; Randy 
Cooke, Arundel Sales & Service 
Co.; Harry Fountain, Welders Southern Oxygen Co., Trippe Supply of the welding distributor as an 
Supply Co. Co,, and R. 8. Weiss Co essential link in the distribution 
The objectives of the Association are: of welding equipment, supplies 


In addition to the welding supply 
and gases. 


houses represented by the officers and 1. To encourage cooperation among 
directors, the following are charter distributors. The 12 loeal welding supply houses 
members of the group: Chesapeake 2. To inspire to observance of high in this new Association represent over 
Welding Supply Co., Harris Calorifie business methods 92% of the distributors in the Baltimore 
Sales Co., Hobart Welder Sales Co., 3. To promote the place and identity trading area. 


AVAILABLE WELDING ENGINEER 


new, improved 2 Expanding programs in welding, brazing and solder- 


ing have created an opening for a welding research 


- Westinghouse MC-180 | engineer. This is an opportunity for diversified ex- 


perience in joining. Salary commensurate with ex- 
an perience and training. Liberal employee benefits 
=. farm d shop welder ; include generous tuition refunds for graduate study. 


Mr. T. E. DePinto 
ARMOUR RESEARCH FOUNDATION 
of Iinois Institute of Technology 
10 West 35th St. 
Chicago 16, Illinois 


UNITED STATES 


switches to change. Rugged, durable, dependable, MC- INSPECTION and TESTING of 


4G-180 welds with electrodes up to %s inch. Operates 
on 230-volt, a-c current. Welding and Weldments 


Complete with all accessories plus easy-to-follow weld- 


— instructions. Order yours today. Contact your local QUALIFICATION of 


estinghouse distributor. Or write, Westinghouse Elec- 


tric Corp., Welding Dept., Box 868, Pittsburgh 30, Pa. Procedures and Operators 


}-21892 
Main Laboratories .. . . . . Hoboken, N. J. 


Boston Philadeiphia New York Los Angeles Dallas 
Providence Wilmington Chicago Memphis Denver 
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PAGE offers exactly the Right Analysis 
—26 in all—for every Welding Job... 
No matter how “‘special”’ or ‘‘different’”’ your weld- 
ing-wire requirements may be, they can be met by 
one of the 26 different analyses in the PAGE line. 

These ‘‘cover the waterfront” of applications: 
heavy automatic submerged arc...light manual 
submerged arc...inert gas manual and automatic, 
tungsten or metal arc. 

Carbon Steel « Any carbon from Armco (.025 

max.) to high carbon (.90—1.10) 

Low Alloys « All the most popular welding grades 

Stainless « All standard alsi grades. Other types 

on request 
The Right Electrodes, Rods, Spray Wire 
Your welding job deserves the right electrodes and 
the right rods—and you can get them from the 
wide range offered by PAGE! 

Gas Welding Rods ¢ Armco, mild steel, low alloy, 

314% nickel, carbon or stainless steel, manga 

nese or naval bronze 

Bare Electrodes « Any carbon from Armco to 

high (.90—1.10) carbon 

Metal Spray Wire « Any carbon from Armco to 

1.00 carbon; also 314% nickel, manganese or 

naval bronze, and stainless steel 
Convenient Service from Local Stocks 


Wherever you live, your nearby 
PAGE Distributor can fill your needs ACCcO 
quickly and easily. This handy /*p 


you keep your inventory invest- 


Big Reasons for Buying 
PAGE Automatic Welding Wire 


1. PACKAGED TO FIT YOUR PARTICULAR REQUIREMENTS 
2. A WIDE RANGE OF ANALYSES TO FIT A PARTICULAR JOB 
3. GREATEST CONVENIENCE —YOU CAN BUY FROM LOCAL STOCKS 


Page Steel and Wire Division 
service saves time for you, and lets a AMERICAN CHAIN & CABLE 


PaGE packages its great line of welding wires 
in a variety of ways for utmost protection and 
convenience in handling, stocking and using. 

Some of these packaging methods are shown 
at the left...There are lightweight, durable 
Leverpaks which give protection against coil 
distortion or wire corrosion. Easily opened and 
resealed, they roll easily and stack perfectly. 
They take a minimum of floor space. 

There are single and pallet-mounted (1,000 
lb., 2,000 3,000 lb.) coils, each wrapped in 
waterproofed paper and held secure by steel 
strapping; thread-wound, 25-pound reels to fit 
popular machines; also, coils in individual card- 
board cartons, available singly or palletized for 
handling by fork-lift truck. 


Distributor thus makes double 
savings for you—a saving in time rave 


ment at a minimum. Your PAGE 7) 
and a saving in dollars. 
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Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn 


WRITE for =< 
—full Analysis List : 
PAGe 
Witte 
S 
Better 
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FOR BETTER SERVICE. 


EQUIPMENT. BUILT 


dis- 


OUTFIT “complete” at one low price 


@ 1—12)4 ft. length 4" Stemese Hose @ 4—Hose NAME AND OUR COMPLETE CATALOG 


Ges Lighter @ 1—Pr. Series 66-19-46 Welding Goggles. 


YOUR DOCKSON DISTRIBUTOR—is a 
a complete line of Dockson Products in 


stock to give you fast service and per- 
sonal attention. We back our 


gouges @ 1—No. 134-AD Acetylene Regulator, tributors 100%. 


FOR EXAMPLE—The Dockson No. 145 end 500 gouges @ 1—Commerciel to Adaptor WRITE FOR YOUR DISTRIBUTOR'S 


medium welding and cutting jobs up Connections @ |—Outfit Wrench @ |—Round File OF WELDING AND CUTTING 
Hi-Speed Welding Torch @ Nos. corefully selected specialist who carries 


Speed Cutting Attachment |—C(-2 Cutting Tip @ 
134-BE Oxygen Regulator, 200 lb. ond 3000 lb. 


te and including 5° steel. At one low 
2, 4, 6, 8 end 10 “E” Style Elbow Tips @ 1—(C4 


Outfit illustrated above is for light and 
price you get— 


there is a 


Navy Initiates Project on 
Ship Components 


The Bureau of Ships has initiated a 


project to simplify the engineering draw- 


ing practices used to graphically deline- 
ate ships and ship components, accord- 
ing to a recent announcement made by 
Rear Admiral A. G. Mumma, Chief of 
the Bureau. This project has been 
undertaken because, now as never be- 
fore, there is urgent demand for increas- 
ing the personal effectiveness of technical 
people, not only because of their acute 
scarcity but also out of economic and 
military necessity. 

Because of the extremely broad tech- 
nical spread of ship components, it is 
felt that this project will be of special 
interest to the entire engineering pro- 
fession. Therefore, the Engineering So- 
cieties are being approached for aid in 
developing information to be used in 
this program, 

The methods and techniques used 
within some companies are available; 
however, it is considered important to 
the general program to accumulate as 
much information as possible from 
others who have worked in this field. 

Specifically, the Bureau would like to 
receive the names of organizations and 
people in the various technical fields 
who have developed papers, systems or 
techniques covering Simplified or Func- 
tional Drafting. Also the Bureau would 
welcome any other information which 
may be deemed useful to the project 
which may now be available or be de- 
veloped in the future 

This project has been assigned to the 
San Francisco Naval Shipyard for de- 
tailed development. Communications 
relative to this matter should be ad- 
dressed as follows: Commander San 
Francisco Naval Shipyard, attention: 
Design Division, Code 242P, San Fran- 
cisco 24, Calif. 


Victor Acquires Additional 
Property 


L. W. Stettner, president, announces 
that Victor Equipment Co. has pur- 
chased property at 840 Folsom St., 
San Francisco. This property has been 
occupied by Victor for several years. 
Major remodeling work will begin Aug. 
1, 1955, giving Victor new, modern 
offices and additional manufacturing 
space. 

Mr. Stettner also informs that ex- 
cellent progress has been made on 
Victor’s new Alloy Rod & Metal 
Division plant, a 6-acre site located in 
Los Angeles, Calif. 
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EVERYTHING 
ON 
BRAZING 


... inthe First 
COMPLETE HANDBOOK! 


BRAZING 
MANUAL 


Prepared by the 


Committee on Brazing and 
Soldering 
AMERICAN WELDING SOCIETY 


in one handy volume... 

full, up-to-the-minute de- 
tails of all brazing processes 
used in the automotive, air- 
craft, refrigeration, electronics 
and other mass-production 
metal industries! 

Written by the country’s 
top experts on all aspects of 
brazing, this Manual brings 
you just the kind of practical 
information you need to an- 
swer every type of brazing 
problem. Separate chapters 
describe the principles, proce- 
dures and equipment involved 
in the eight brazing processes; 
each operation from preclean- 
ing and surface preparation to 
postbraze cleaning and in- 
spection; and the techniques 
of brazing aluminum, mag- 
nesium, copper, steels, iron, 
nickel and many other metals. 
Special attention is given to 
joint design, to the properties 
of base and filler metals, to 
fluxes and atmospheres, and 
to the causes of defects to- 
gether with corrective meas- 
ures. 

Nowhere else could you 
find such a complete source of 
reliable, up-to-date brazing 
information! 

Price to AWS members—$3.80 
Price to non-members—$4.75 


Use this handy coupon 
to order your copy NOW 


AMERICAN WELDING SOCIETY 
33 West 39th Street, New York 18, N.Y. 


Please rush me a copy of 
BRAZING MANUAL 
Taman AWS member—bill me 
for $3.80 

} Lam not an AWS member—bill 
me for $4.75 


NAME 
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New Weltronic Welding Control, 


Production Flexibility for High Speed Gun 
Welders or Standard Machine Applications; 


A versatile control with one Tube Firing Timer that 
gives 400 spots per minute or standard operation 
by the flip of a switch. Meets J. |. C. and Ford W1 
specifications. Fail-Safe design. Provisions for 
plug-in accessories in dust-tight compartment. Has 
been used by major automotive firms on nearly 
every welded part—from bumper to bumper. See 
it in action or write for brochure. | 


Come in and work out your problems on the Weltronic appli- 
cation analysis board. See these units in actual operation. 
Qualified control engineers will be on hand full time to help you 


*Philadelphia Oct. 17-21 


WORLD'S LARGEST SUPPLIER 


| 
| 
OF WELDING CONTROLS | 
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position® 


Features Exclusive Slope Control 


| that Boosts Production 200% 


Provides 3-cycle slope at arc initiation 
and cut-off (a six-time improvement over 
previous | 8-cycle slopes) that has boosted 
heliare welding production 200% on a 
variety of jet engine parts. Eliminates 
burning at start and stop; permits in- 
stantaneous switch-over to different thick- 
nesses. Features a power source, current 
control and slope control all packaged in 
one integral unit. To this is added the 
specialized electronic control (designed 
to your job) for precise torch head control 
in three planes. See it in action or write 
for brochure. 


WELTRONIC COMPANY 

19500 West Eight Mile Road 

Detroit 19, Michigan 

Please send your brochure on [_] New Control 
[-] 1GSA Control [] Put me on your list to 
receive the Weltimer Magazine. 


Name Title 
Company 
Street 


City State 
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See them in ACT 

| 

New Inert Gas Shielded Arc Welding Control 

Your Solution to Welding Control at Booth 1955* 


Current Welding Li 


AIRCRAFT ENGINE MANUFACTURE. Resistance-Weld 
ing. Aireraft Production, vol. 17, no. 1 (Jan. 1955), pp. 17-19 

AIRCRAFT ENGINE MANUFACTURE. Fusion Welding 
Titanium Without Filler Metal, A. V. Levy and R. Wickham 
Welding Engr., vol. 40, no. 4 (Apr. 1955), pp. 38-41. 

AIRCRAFT MANUFACTURE. Stainless Stee! Fabrication 
Saves £350,000, T. A. Dickinson. Welding & Metal Fabrication, 
vol, 23, no. 5 (May 1955), pp. 166-168. 

ALUMINUM ALLOYS. New Aluminum-Ceramic Bond Pro- 
duces Hermetic Seal, G. W. Hume. Matls. & Methods, vol. 41, 
no. 4 (Apr. 1955), pp. 110-111. 

BOILER MAINTENANCE AND REPAIR. Repairing Boilers 
by Welding, 8. D. Scorer. Colliery Eng., vol. 32, no. 374 (Apr. 
1955), pp. 168-169 

BOILER MANUFACTURE. Welding in Modern Steam 
Boiler Plant, G. 1. Frost. New Zealand Eng., vol. 9, no. 10 (Oct 
1954), pp. 645-347 

BRAZING. Added Life for Brazing Fixtures, C. Emery and 
P, Goetcheus. Steel, vol. 136, no. 26 (June 27, 1955), pp. 82-83 

BRAZING ALUMINUM ALLOYS. Aluminum Brazing Sheet 
Reduces Fabrication Costs, A. J. Haygood. Elec. Mfg., vol. 55, 
no, 4¢ Apr pp 132-133, 3 18, 350. 

BRAZING MOLYBDENUM for High-Temperature Service, 
M. I. Jacobson and D.C. Martin. Engrs.’ Digest, vol. 16, no. 3 
(Mar. 1955), pp. 

BRAZING. Versatile New High-Nickel Alloys Expand 
Brazing Applications, R. C. Kopituk and C. V. Foerster. In- 
dustry & Welding, vol. 28, no. 4 (Apr. 1955), pp. 59, 61-62, 
114-115; (May , pp 73-74, 76-77 

BRIDGES, STEEL. Superstructure Is All Welded, R. B. 
Russell, Ry. Age, vol. 138, no. 18 (May 2, 1955), pp. 56-57; see 
also Ry. Track & Structures, vol. 51, no. 5 (May 1955), pp. 39-41. 

CHEMICAL EQUIPMENT. Chemical Plant Production at 
Barnsley Welding & Metal Fabrication, vol. 23, no. 5 (May 
1955), pp. 156-160 

CONTROL. Resistance Welding Control. Nat. Elec. Mfrs, 
Asean Publ. no, ( Apr 1055), 42 pp., $3.00. 

COPPER. Welding, Brazing and Soldering of Copper and Its 
Alloys. Copper Development Assn., Publ. no. 47, Kendals Hall, 
Radlett, Herts, (1955), 91 pp 

ELECTRIC CONTACTS. Attachment of Electrical Contacts, 
J. W. Kehoe. Elec. Mfg., vol. 55, no. 5 (May 1955), pp. 148-152 

ELECTRODES. [are Wire to “Coilex,” D. B. J. Thomas 
Welder, vol. 23, no. 119 (July-Sept. 1954), pp. 182-186. 

ELECTRODES. Coated Wire for Automatic Welding. In- 
dustry & Welding, vol. 28, no. 4 (Apr. 1955), pp. 44-45. 

ELECTRODES. [Extrusion of Are Welding Electrodes, D. M. 
Archer, Can, Metals, vol. 18, no. 4 (Apr. 1955), pp. 58-60. 

FURNACES, HEAT TREATING. Salt Bath Furnace Per- 
forms Four Different Operations, &. W. Kerman. Iron Age, vol 

75, no. 20 (May 19, 1055), pp. 124-126. 

GAS TURBINES. Butt-Welding Rings for Gas Turbines. 
Machy. (Lond. ), vol. 86, no, 2215 (Apr. 29, 1955), pp. 919-924. 

HOSPITALS. Welding Adopted for 17-Story Hospital in 
Newark, N.J., M. J. Colarusso and H. W. Lawson. Civ. Eng. 
(N.Y.), vol. 25, no. 2 (Feb, 1955), pp. 44-47. 

INERT GAS. Applications of Argonaut Welding to Carbon 
Steel, R. L. Fannon and V. C. Herbert. Welding & Metal Fab- 
rication, vol, 23, no. 5, (May 1955), pp. 161-165. 

INERT GAS. Argon-Are Welding. Aircraft Production, vol 
16, no. 11 (Nov. 1954), pp. 430-435. 

IRON CASTINGS. Make Do and Mend Repairs, G. G. 
Musted. Brit, Welding J., vol. 2, no. 4(Apr. 1955), pp. 171-174 


910 Current Welding Literature 


LIGHT METALS. Notes on Welded Metal Dilution Effects 
in Aluminum Silicon Alloy Welding, E. H. 8. van Someren 
Welder, vol. 23, no. 120 (Oct.-Dee. 1954), pp. 208-209 

OIL FIELD EQUIPMENT. Hardfacing of Tool Joints 
Petroleum Times, vol. 59, no. 1505 (Apr. 15, 1955), pp. 375. 

OIL FIELD EQUIPMENT. Stub ending Drill Collars by 
Pressure Weld Technique, J. L. Dickman. World Oil, vol. 140, 
no. 4 (Mar. 1955), pp. 117-118. 

OXYGEN CUTTING. Andrews Stack Cutting Equipment. 
Machy. (Lond.), vol. 86, no. 2211 (Apr. 1, 1955), pp. 701-703 

PIPE LINES. Fitting Sleeves on Old Bolted Couplings. Oil 
& Gas J., vol. 53, no. 43 (Feb. 28, 1955), pp. 143-144, 146. 

PIPE LINES. Oxy-Acetylene Pipe Welding, FE. Ryalls. Brit 
Welding J., vol. 2, no. 5 (May 1955), pp. 215. 

PRESSURE WELDING. Cold Pressure Welding, W. A. 
Barnes. Metal Industry, vol. 86, no. 15 (Apr. 15, 1955), pp 
293-294 

PRESSURE WELDING. Progress in ‘““Koldwelding,”’ W. A. 
Barnes. Wire & Wire Products, vol. 30, no. 2 (Feb. 1955), 
pp 179, 218 220. 

REFRIGERATING COMPRESSORS. Mechanized Welding 
Line Assures Uniform Quality, C. F. Stephanson. Iron Age 
vol. 175, no. 23 (June 9, 1955), pp. 88-89. 

SHIPBUILDING. Welded Pre-fabrication in Ship Construc- 
tion, R. C. Ellis. Commonwealth Engr, vol. 42, no. 8 (Mar 
1955), pp. 295-298. 

SOLDERING ALUMINUM. Hard Soldering Aluminum 
Metal Industry, vol. 86, no. 15 (Apr. 15, 1955), p. 289 

SOLDERING ALUMINUM. Hard Soldering of Aluminum 
and Aluminum Alloys by Thesseal Process, R. C. Jewell. Weld- 
ing & Metal Fabrication, vol. 23, no. 5 (May 1955), pp. 179-182; 
see also unsigned article in Sheet Metal Industries, vol. 32 
no. 337 (May 1955), pp. 365-366. 

SOLDERING ALUMINUM. Hard Soldering Process for 
Aluminum, W. J. Smellie. Metal Industry, vol. 86, no. 16 
(Apr. 22, 1955), pp. 307-310. 

SHIP DESIGN. Structural Trials on 8.8. Ocean Vulcan and 
S.8. Clan Alpine. Great Britain. H. M. Stationary Office, 
London, (1954) Admiralty Ship Welding Committee Report No 
R. 12 73 p., folding table 

SOLDERING. Tag-Soldering. Aircraft Production, vol. 17, 
no, 2 (Feb. 1955), pp. 65-66. 

STAINLESS STEEL. Some Properties of Heat-Affect Zone 
in Arc-Welded Type 347 Stainless Steel, E. F. Nippes, H. Waw- 
rousek and W. L. Fleischmann. Am. Soc. Mech. Engrs 
Paper, no. 54-A-57 (for meeting Nov. 28-Dec. 3, 1954), 22 pp 

SUBMERGED MELT. New Welding Process Deposits Meta! 


Faster. Iron Age, vol. 175, no. 24 (June 16, 1955), pp. 90-91. 

TELESCOPES. Welding Radio Telescope for Studying 
Cosmic Radio Waves From Outer Space, D. R. Mackay. Welder. 
vol. 23, no. 120 (Oct.-Dee. 1954), pp. 104-108. 

TIMING DEVICES. Single Cycle Timer for Small Spot 
Welders, G. O. Crowther and L. H. Light. Electronic Eng., vol 
27, no. 325 (Mar. 1955), pp. 111-114. 

WELDED STEEL STRUCTURES. Tests on Stanchions 
Bent in Single Curvature about Both Principal Axes, J. W 
Roderick. Brit. Welding J., vol. 2, no. 5 (May 1955), pp. 217 
224. 

WELDING MACHINES. New Resistance Welder Fabricates 
Wide Wire Mesh at High Speed. Iron Age, vol. 175, no. 22 
(June 2, 1955), pp. 100-101; see also Iron & Steel Engr., vo! 
$2, no. 6 (June 1955), p. 142. 
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EASY-FLEX KICKLESS 
CABLES. Longer life. 
Greater flexibility. Easier 
handling. Highly efficient 


cooling. 


PORDABLE WELDING GUNS. 
Versatii and economical. 


Standard sis takes wide 
variety of a rs and tips 
to suit the job. . 


IMPROVED 
PORTABLE ROLL 
SPOT WELDERS. 
Finest in the 
field. Extremely 
flexible. Fas?, 
/ easy operation. 


IMPROVED. 
MATIC-H¥ 
LIC 


design. ac- VW 


tion. Ungmecedent- 
ed press@re hold. 


Progressive is FIRST with the BEST of resistance 
welding equipment. Our engineers will gladly 
help with your special problems. 
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TOP THESE 
iF YOU CAN! 


Your apphcanon for membership has been recesed and J take 


pleasure in nottying you that you are a Charter Member of the 


Charles D. Cooper—a “real welding 
pioneer"—is mighty proud of these 
two AWS documents .. . and we're 
certainly glad to have an opportunity 
to bring them to the attention of our 
readers. Can you top that “No. 112"? 


Kroft Appointed 
General Superintendent 


Frederick C. Kroft has been appointed 
general superintendent of manufactur- 
ing for Haynes Stellite Co., a Division 
of Union Carbide and Carbon Corp., 


Frederick C. Kroft 


according to an announcement by F. T. 
McCurdy, vice-president of manufactur- 
ing operations of the company. 

Mr. Kroft received a B.S. degree in 
Metallurgy from Purdue University in 
1942. He joined Haynes Stellite Co. 
in 1936 and was employed in the grind- 
ing department and later in the chemi- 
eal laboratory. In 1942 he became a 
junior research engineer, in 1950 ussist- 
ant technical director, and later that 
same year superintendent of the inspec- 
tion, process, and quality control depart- 
ment. 

During World War If Mr. Kroft 
helped to establish a metallurgical test- 
ing group at Haynes Stellite Co. This 
group assisted in the development of 
high-temperature alloys used in gus 
turbine blades and other applications 
where materials with strength and cor- 
rosion resistance at elevated tempera- 
tures are essential. 

Mr. Kroft is a member of the Amrert- 
CAN WELDING Sociery, American So- 
ciety of Metals and the American So- 
ciety of Testing Materials 


Personnel 


Munn Appointed 
District Manager 


R. H. (‘‘Hase’’) Munn, Jr., has been 
appointed district manager of the Pitts- 
burgh area for WW Alloys, Ine., divi- 
sion of Fansteel Metallurgical Corp 
Richard I. Allen, sales manager, 
nounced, 

Mr. Munn not only supervises sales 
of WW Alloys’ aluminum bronze cast- 
ings and forgings, but also the resist- 
ance welding electrodes, water-cooled 
holders, seam welding wheels and high 
conductivity copper alloy castings and 
forgings made by WW Alloys. 


Briggs on Sales Staff 


John G. Seiler, executive vice-presi- 
dent and general sales manager of Tube 
Turns, Louisville, Ky., has announced 
the appointment of Frank Briggs to the 
staff of the company’s sales development 
department. Mr. Briggs joined Tube 
Turns, a division of the National Cylin- 
der Gas Co., in 1942 and became a 
member of the plant’s accounting and 
materials section. He was transferred 
to the sales department in 1947. 


Position Vacant 


V-326. Well-known electrode manufac- 
turer wants hard surfacing Sales Engi- 
neer. Must be free to travel extensively 
Some knowledge of welding metallurgy 
and actual welding experience preferred 
Good advancement possibilities. Salary 
open, Submit full résumé. Replies will 
be held in strict confidence, Our own em- 
ployees know of this ad 


Services Available 


A-679. Graduate Welding Engineer 
with M.S. degree desires position in in- 
dustry with responsibility and good op- 
portunity for advancement. He prefers 
work in the development and application 
of welding to production, particularly 
resistance welding. He has eight years’ 
experience in welding research and de- 
velopment and in industry, and he is a 
registered professional engineer. His ex- 
perience includes the welding of titanium, 
zirconium and molybdenum. He is 32 
years old. This man will relocate 
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CLASS 8992 Type BBG-1 
ed Welding 

(gun or stationary) 
ions where 
jual gun 


for High Spe 
For production line 
welders and other applicat 
high speed, high currents OF ¢ 
control are factors. 


em all... 


r most exacting applications! 


for Genera! Pur Machines 
widely varying 


For applications requiring 
ions, normal welding speeds 


mplicity- 


pose 


for Precision 
Welding 
For welding alumi- 
num, other non-fer- 
rous and ferrous 
metals requiring 
precision wel 
times; stepless heat 
control; slope oF 
taper control. 


You'll find your nearby Sqvere D 
Field Engines’ a source of soun 
counsel in selecting the welder com 
trol best suited to your application. 


+ 


+ 
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Brazing Manual Published by AWS 


The Committee on Brazing and Sol- 
dering of the American Welding Society, 
comprising the top experts of the 
country, has prepared a long-needed 
book on the subject of brazing. The 
appearance of the Brazing Manual 
marks a milestone, for now brazing takes 
its place with other branches of engineer- 
ing which have had handbooks pub- 
lished in their respective fields 

While brazing has been used sinee 
Biblical times, not until now has there 
been available a compilation, in a single 
source, all the technical information on 
the eight brazing processes, Complete 
and valuable information is given on 
each of these processes: Torch Brazing, 
Twin-Carbon Are Brazing, Furnace 
Brazing, Induction Brazing, Resistance 
Brazing, Block Brazing and Flow Braz- 
ing. Every conceivable metal of in- 
dustrial importance, common and rare, 
is deseribed in terms of techniques of 
brazing including equipment, preclean- 
ing, surface preparation, postbraze clean- 


ing and inspection. An invaluable ap- 
pendix in convenient chart form lists 
properties of brazable metals and alloys 
such as aluminum, copper, brass, bronze, 
silver, nickel, gold, platinum, iridium, 
rhodium, palladium, tantalum, irons, 
steels, ete. 

For the first time anywhere brazing 
fluxes and atmospheres are standardized 
into types according to their composi- 
tions and uses. In addition to produc- 
tion and design information, there are 
extremely valuable sections on testing 
quality control, safety, health protec- 
tion plus detailed explanations of causes 
of defects and how to correct them 
The entire metals and metalworking 
industry will welcome this new and 
practical sourcebook of essential infor- 
mation. 

Copies are immediately available, at 
the list price of $4.75, from the Ameri- 
can Welding Society, 33 W. 39th St., 
New York 18, N. Y., or from Reinhold 
Publishing Corp., 430 Park Ave., New 
York 22, N. Y. 


Inert Arc Welding 


The Air Reduction Sales Co, has just 
announced the availability of a new 16- 
page catalog featuring Aircomatic 
(Aireo’s inert-gas-shielded metal are 
welding process) welding equipment. 
Manual and automatic units along with 
accessory apparatus and welding wire 
are included in the illustrated booklet. 

A copy may be obtained by writing, 
Air Reduction Sales Co., 60 FE, 42nd St., 
New York 17, N. ¥ 


Resistance Welding 


Sciaky Bros., Inc., 4915 W. 67th St., 
Chicago, IIl., introduces Vol. 4, No. 6, 
Resistance Welding At Work, covering 
the case history of mash welding double 
sinks with a Sciaky 250 kva Mash 
Welder. 

For a complete description of mash 
welding process, plus “on the spot” 
photographs, write direct to the Chicago 
plant for copies of Vol. 4, No. 6 


Stainless Steel 
Design Handbook 


Alloy Metal Wire Division, H. K. 
Porter Co., Ine., announces the avail- 
ability of its new 40-page Design Hand- 
book. The handbook covers in detail 
the properties, specifications, applica- 
tions and design data on the Division's 
20 grades of stainless steel wire, rod and 
strip. 

Copies of the handbook can be ob- 
tained by writing to BE. H. Mann, Sales 
Manager, Alloy Metal Wire Division, 
H. K. Porter Co., Ine., Prospect Park, 
Pa. 


Properties of Stainless 
Steel Welds 


Engineers associated with the design 
and use of stainless tubular products in 
steam superheaters, heater coils in oil 
refinery heaters and petrochemical plant 
and high-temperature piping installa- 
tions will be interested in a new data 
eard issued by the Tubular Products 


New Literature 


Division of The Babcock & Wilcox Co 
This data card gives the stress rupture 
properties of chromium-nickel stainless 
steel weld deposits. 

Copies of the data card, known as 
TDC-178, are available free upon re- 
quest to the division’s general sales 
offices at Beaver Falls, Pa. 


Stud Welding 


Architectural details illustrating use 
of the stud welding method of fastening 
to reduce the cost of spandrels and 
window-wall installation are shown in a 
folder just published by Nelson Stud 
Welding Division of Gregory Industries 
Inc., Lorain, Ohio. 

Installations shown include the fast- 
ening details on the Equitable Life As- 
surance Building, San Francisco; Den- 
ver Mile High Center Office Building 
UN Secretariat Building and San Fran- 
cisco Municipal Airport Building 

For your copy, write directly to the 
company. 


Automatic Weldment Cleaning 


A new bulletin on the subject of auto- 
matic cleaning of rust, flux and spatte: 
from welded pieces by abrasive blast 
cleaning has just been published by 
American Wheelabrator & Equipment 
Corp., 1332 8. Byrkit St., Mishawaka 
Ind. 

A complete case history is given con- 
cerning the effect of automatic blast 
cleaning on this work at a large manu- 
facturing shop. It has illustrations ot! 
the equipment and typical parts that 
are cleaned. 

Free copies of this bulletin are avail- 
able from American Wheelabrator. Ask 
for Bulletin PE-6. 


Hard-Surfacing Rods 


A folder describing their new tung- 
sten carbide hard-surfacing weld rods is 
being made available by Coast Metals, 
Inc., Little Ferry, N. J. For your copy, 
write directly to the company. 


Brazing News 


Handy & Harman announce the 
availability of their latest bulletin ‘‘Low 
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@ New torch stabilizing device 


brings new cutting accuracy—A 
new, unique floating rear caster as- 
sembly practically eliminates machine 
wobble and side tilt, when passing 
over rough, unevenly surfaced plate. 
Gives production-line accuracy, clean, 
smooth edges, no finishing. 


© New design cuts 20 Ibs. off weight 


—Almost unbelievably, this new im- 
proved CUT-O-MATIC now weighs 
less than 30 Ibs., for ready portability, 
greater ease of handling—yet it’s more 
rugged than you'll ever need. 


(3) New 3-hose torch now spells im- 


proved cutting efficiency—The new 
CUT-O-MATIC 3-hose torch has in- 
dividual oxygen hose to both preheat 
and cutting orifice, simplifying pre- 
heat oxygen adjustment and assuring 
more efficient cuts. 


® 


© New simplified Gas contro!—A new 


valve block assembly now locates pre- 
heat controls on machine, separated 
from high pressure oxygen control on 
the torch. Adjustments on preheat 
now made freely without disturbance 
to oxygen control. 


New switch is maintenance-free 
for life of machine—New rotary- 
type switch, exclusive with NCG, pro- 
vides trouble-free starting, stopping 
and reversing for life of machine. Has 
silver electrical contacts, is perma- 
nently sealed against grit and dirt. 


CUT-O-MATIC has been rede- 
signed throughout, offers many more 
advantages than those mentioned 
here. No other portable flame-cutting 
machine like CUT-O-MATIC. Get 
proof, the full story. Ask for a demon- 
stration or write for new big broadside 
from any authorized NCG dealer or 
nearest NCG office or address below. 


— 


Straight Line —A 6-foot section 
rigid Crack is supplied with each machine. By 
using two lengths progressively, a straight cut 
of unlimited length can be made in one con- 
tinveus operation. 


7 | 


Bevel cuts can be 
made to any bevel angie by @ simple adjust 
ment of the Cut-O-Matis torch holder 


Civele Cutting—Trye circles and arcs 
inches to 60 inches in diameter with sither 
square of bevel edges, are cut easily by atlech- 
ing the radius rod assembly f 


each machine 


Steck Cutting —Where me 

same dimensions ere nesded, stack-cutting 
withthe Me. 7 provides real pro- 
duction line economies. Simpl — plates 
as shown and use larger tip. 


pieces of the 
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840 N. MICHIGAN AVE., CHICAGO 11, ILL. 
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Temperature Brazing News,’ No. 69, 
For your copy write directly to Handy 
& Harman, 82 Fulton St. New York 38, 


BAND 


POCKETSCODE 


Tool Design 
TOOL DESIGN by William R. Jeffries, 
CN eas / Montana State College. Published by 


ae Prentice Hall, Inc., 70 Fifth Ave., New 
\ York 11, N. Y. (1955). 217 pages. Pro- 


REVIEWS 
OF NEW BOOKS 


by 


Size: 


Be a Pe Comprehensive, clear and easy to fol- 
sae i, low, this book constitutes an authorita- 
tive introduction to the whole field of 
a, tool design. 
It gives actual instructions on how to 
design machine tool jigs and fixtures, ; 
weld and assembly fixtures, punch press 
MODEL 5S-14-B tooling and hydraulic press tooling. The 
author also explains pressworking ma- 
chines and tools, and devotes an entire 
chapter to clamps and methods of 
DC COUPLED clamping and locating. 
REPETITIVE OR TRIGGER Helpful reference appendices provide 
3 actual data on drafting practice and 
1.8 us RISE other useful information. 
ANOTHER EXAMPLE OF PIONEERING... 
has openings for 
‘ The WIDE BAND POCKETSCOPE, model S-14-B, hits a new high in 
requency response for light, compact, truly portable oscilloscopes. The 
response extends all the way from DC to 700 KC within —2 db without METALLURGISTS 
as peaking. Thus providing a pulse rise time of 1.8 microseconds. Furthermore, _ 
i reer? has not been unduly compromised in order to accomplish such 
: delity. The vertical sensitivity is 50 millivolts rms/inch. The sweep is oper- 
a ated in either a repetitive or trigger mode and covers a range from 0.5 cycles WELDING ENGINEERS 
xi to 50 KC with synchronization polarity optional. Other essential vertical 
and horizontal amplifier characteristics include non-frequency discriminating At high technical and supervisory 
attenuators and gain controls as well as individual calibration voltages. 
Additional provisions for direct access to all the deflection plates, the second levels 
anode, and the amplifier outputs help to make the S-14-B a standout instru- 
ment of flexibility and utility All this plus portability! The incredibly small In quality control and inspection super- , . 
size and light weight of the S-14-B now permits “on-the-spot” use of the vision of welding and metals fabrication. 
oscilloscope in all industrial, medical, and electronic fields. Its rugged con- A degree in metallurgy and 3-15 year's 
struction assures “laboratory performance” regardless of environment. experience on code welding of stainless 
or other control of metallurgical opera- 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS; POKETSCOPE WATERMAN PRODUCTS INCLUDE SALA 
; Please send detailed resune, including 


$-4-C SAR PULSESCOPE® 


$-5-A LAB PULSESCOPE te 

$-6-A BROADBAND PULSESCOPE 

$-11-A INDUSTRIAL POCKETSCOPE® A. M. Johnston 
$-12-8 JAMised BAKSCOPED Westinghouse Electric Corp. 
$-14-A HIGH GAIN POCKETSCOPE PO Box 1468 

$-14-8 WIDE BAND POCKETSCOPE 

$-15-A TWIN TUBE POCKETSCOPE Pittsburgh 30, Pennsylvania 
RAYONIC® Cathede Ray Tubes 

ond Other Associated Equipment All replies held strictly confidential 


WATERMAN PRODUCTS 
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! Whatever is on your mind about metals 
... you'll find the answers at the Metal 
Show! Here will be everything that’s 
new and improved... from fabricating 
to finishing ... from testing to engineer- 
ing! What's more, you'll learn about the 
metals of tomorrow from experts dis- 


cussing their findings in extremely inter- 
esting technical sessions scheduled daily 
for your convenience! 


Management, engineers, production and 
purchasing executives will earn and learn 
much more than this visit will cost! 


400-Plus Exhibits 


Metals, heat treating, cleaning 
and finishing, fabrication, foundry, 
forging, testing, welding, inspec: 
tion, 


Over 100 
Technical Sessions 


Important advance information 


OCTOBER on what's doing in metals and 
metalworking! 
thru 21 


a 


OWNED AND MANAGED BY THE AMERICAN SOCIETY FOR METALS 
7301 SUCLID AVE., CLEVELAND 3, OHIO 


Publishers of : : 
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Alloy Fluxes 


The Lincoln Eleectrie Co, of Cleve- 
land, Ohio, has introduced a new line of 
agglomerated fluxes for automatic sub- 
merged are welding of low-alloy steels. 
The method, claimed to be a new ap- 
proach to the problems of welding com- 
plex and highly specialized steels, is 
said to be both economical and flexible 
in meeting the wide range of special re- 
quirements in welding these steels 

The heart of this new approach to 
welding alloy steels is an alloy flux indi- 
vidually compounded for each job 
These special fluxes, through a process 
of agglomeration, contain alloying ele- 
ments which may be changed as re- 
quired by the particular job for which 
the flux is made. These new allo 
fluxes can be used with a mild steel elec- 
trode and will produce a low-alloy de- 
posit which can be readily varied to 
meet specific requirements 

For additional information, 
directly to the Lineoln Electric Co., 
Cleveland 17, Ohio 


write 


Low Hydrogen Electrodes 


Pacific Welding announces that it 
has placed its new series of “Low Hy- 
drogen Eleetrodes’’ on the market. 
Recommended especially for welding 
armor and high-strength alloy steels, 
these new electrodes are designed for all- 
position welding. They comply with 
ASTM-AWS specifications 100-15-16 
and 120-15-16. 

For descriptive literature, price list 
and samples of the new Pacific Low 
Hydrogen Electrodes, write to Pacific 
Welding Alloys Mfg. Co., 310 North 
Ave. 21, Los Angeles 31, Calif. 


Hard-Facing Electrode 


Development of the new Mir-O-Col 
4T-S Hard Facing Electrode has been 
announced by MIR-O-Col Alloy Co., 
Inc., of Los Angeles, Calif, 

MIR-O-Col 4T-S is especially recom- 
mended on tractor track rails, grousers 
and all-around general build-up of worn 
tractor rails, 

Descriptive literature, price list and 
samples of MIR-O-Col 4T-S are avail- 
able on request. Write to MIR-O-Col 
Alloy Co., 312 North Ave. 21, Los 
Angeles 31, Calif. 
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Arc Time Totalizer 


The development of a new Are-Time 
Totalizer which accurately registers the 
time an are current is in use is reported 
by Exline Engineering Co. of Tulsa, 
Okla. 


According to the manufacturer, this 
new timer operates with an accuracy 
never before attainable due to its simple 
no-moving-part construction. |©Com- 
pletely foolproof, a particular advan- 
tage is that current leakage, or any cur- 
rent below a specified amount, will not 
register on the clock. 

Currently being introduced to the 
welding industry, pilot models of the 
new are timer have been undergoing ex- 
tensive industry tests for the past year. 


Galvanizing Repair Stick 


A new and improved metal alloy stick 
called ReGalv is now available for re- 
galvanizing any area where the zine 
coating (of galvanized sheets, shapes, 
fittings, etc.) has been damaged or de- 
stroyed by welding, flame-cutting, bend- 
ing or the like. 

The regalvanizing metal stick is said 
not to crumble, and therefore may 
merely be rubbed over the weld or other 
hot surface to be recoated. It melts 


and bonds at temperatures as low as 
F. 

For further information, 
RotoMetals, 980 
Francisco 7, Calif. 


write to 
Harrison St., San 


New Products 


Aluminum Welding Cable 


A new, lightweight aluminum welding 
cable called Tweco-Lite, has just been 
announced by the Tweco Products Co. 
of Wichita, Kan. 
half as much as conventional copper 
welding cables, the new cable is said to 
have great flexibility which makes it 
easier and less tiresome for the welders 


Weighing only one- 


to do their jobs. 

Tweco-Lite Aluminum Welding Cable 
is made in Grade “SR,"’ which has a syn- 
thetic rubber jacket, and Grade ‘‘N-60,” 
which has a 60% neoprene jacket rein- 


forced with rayon braid. Grade “SR” 


is recommended for normal use and the 
Grade where oil, heat, chemicals 
rough 


abrasion and usage are en- 


countered. Both grades of cable are 
made in No. 4 through No. 4,0 sizes. 

The cable is conveniently packaged in 
precut 50- and 100-ft lengths; it is also 
available in 250- and 500-ft coils as well 
as 1000 ft reels. 

For further information, write di- 
rectly to Tweco Products Co., P.O. Box 
666, Wichita 1, Kan. 


Welding Positioner 


The Weldma Co., of West Hartford, 
Conn., has developed a newly designed 
circumferential welding positioner of 
4000 |b capacity which according to the 
company, incorporates the most modern 
and advanced engineering concept of 
“Machine Tool Quality”’ precision weld- 
ing positioners, 

The positioner frame, mounted on 
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AUTOMATIC WELDER AT WORK. Insect Worthington’s positioner ratings are not 
shows extra-large spindle and rugged bull =just a by-product of the design. Rather, 
gear of Worthington Welding Positioner, they are the result of extensive tests in 
rated at 24,000 pounds, continuous duty. _ laboratory and field. 


Double-check welding positioner ratings! 


— don’t underestimate their importance 


In positioners, as in al] Worthington products, ratings result 
from extensive tests in the laboratory and on the job. 
Here are two steps that we take to assure you that every 
Worthington positioner rating is a job rating: 
1. Each model is proved on the job before marketing as a stand- 
ard unit. 
2. Each positioner part, including motors, gears, and bearings, 
is selected to give you extra capacity for overload conditions. 
. " Extra capacity, honestly rated, is typical of all Worthington 
WoaTwimoron ® =z Positioners — from smallest to largest, rated up to 50 tons. 
No matter what your size requirements, there’s a Worthington 
; ' Welding Positioner for your job. Like all other Worthington 
ret how te choose a positioner It Products, its rating is backed by the integrity and reputation of 
answers the seven basic questions you 114 years of engineering experience. That's why you can rate 
should ask before you buy any position- our ratings as ““conservative.’’ Write for new Bulletin. 
ing equipment. Worthington Corporation, Harrison, New Jersey. ¥59 


WORTHINGTON 


Welding Positioners « Turning Rolls 
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grooved casters, is of ribbed cast iron 
construction for maximum strength 
and rigidity. The 52-in. diameter keyed 
face plate with center locating pin is set 
in a large Timken bearing to eliminate 
drag and is driven by a gear reduction 
motor, 

All inquiries on this equipinent should 
be forwarded to The Weldma Co., 62 
LaSalle Rd., West Hartford, Conn, 


Flame Saw 


A new type of Flame Saw for cutting 
heavy steel structurals has just been 
announced by The K-G Equipment Co., 
Inec., of Allentown, Pa, 

According to the manufacturer, the 
Flame Saw is competitive in efficiency 
to mechanical sawing units. It is hand- 
portable and ean be set up anywhere in 
the plant or on the job It is said to 


reduce handling, setup and operating 

costs, and to increase speed and accuracy 

of cutting of structurals at any angle. 
It requires only 110-vy power supply 


oxygen and fuel gas, 
The work itself is the table. 

For complete information write di- 
rectly to company at above address. 


and a setup of 


Portable Generator 


A new, lightweight, 2500-w Onan 
Electric Generating Plant, designed 
with special external modifications to 
operate any transformer type a-c welder 
up to 150-amp rating, is announced by 
D. W. Onan & Sons Ine., Minneapolis, 
Minn. 

Designed as a portable source of a-c 
power, the unit combines the new air- 
cooled Onan Model 205AJ-1M, 2500-w, 
115-v, 60-eycle, AC Eleetrie Generating 


FOR QUALITY WELDMENTS 
use 


QUALITY CONTROLLED 
STAINLESS STEEL 


WELDING WIRE 


> available in Spools, Coils 
and Lengths 


> for Automatic and Semi-Automatic 
gas and inert arc welding 


Welding wire by Drawalloy is made to an 
exacting high standard ...a high stand- 
ard established by long-experienced weld- 
ing men who know welding wire and how 
it must work. Set-ups for automatic and 
semi-automatic welding take more time 
than regular welding. That's why you 
want to be sure of satisfaction before you 
start. This reliable wire is weld-tes to 
give the best results every time. Write 
today for complete information and prices. 


LINCOLN HIGHWAY AT ALLOY STREET + 


920 


e@arien 
YORK 13, PENNSYLVANIA 


New Products 


WELDING IN HIGH PLACES 
1S EASIER WITH 


*TWECO-LITE 


*the new ALUMINUM welding cable 
that weighs half as much, lasts 
longer and costs less 
Send for tree cataleg 
A Product of 


TWECO PRODUCTS COMPANY 
Wichita 1, Kansas 


Plant with any 150-amp transformer 
type welder to become a versatile genera- 
tor-welder for construction 
and building jobs, repair shops, farms 
ranches, service stations, publie utilities 
and railroads. 


This completely self-contained port- 


generator is available mounted 
also on a lightweight, two-wheel dolly 
or a Welded tubular steel carrying frame 
For complete information write to D 
W. Onan & Sons Inc., Minneapolis, 
Minn 


able 


Eye Shield Attachment 


A detachable shield which can be 
clipped to the inside lens holder of any 
standard welding hood to eliminate 
light coming in from the side or rear is 
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Patented Vickers Magnetic 
Amplitier... 


CONTROLARC automatic control is made 
possible by the patented Vickers Self-Satu 
rating Magnetic Amplifier with exclusive 
voltage-sensing, feed-back control circuits. 
Constantly analyzing welding voltage and 
automatically adjusting welding current to 
arc changes. Vickers Magnetic Amplifier 
maintains ideal arc characteristics, through 
the entire welding range, under all welding 
conditions. 


ampere modeis 


Voltage and Current individ- 
ually Controlied... 


Separate, complete control of both voltage 
and current makes it possible to set up 
any volt-ampere combination within the 
output range of the particular Controlarc 
model being used .. . from minimum volt 
age at minimum current to maximum volt- 
age at maximum current. Only Vickers 
Controlarc offers complete remote control 
of voltage and current through the entire 
welding range. 


Full Range Veltage 
Control... 


. separate from current control, permits 
choosing the exact arc characteristic for 
every job and welding condition. Voltage 
control is full range and stepless, with no 
limited ‘‘average’’ settings or blind spots. 
The weldor can select the arc character- 
istic for a basic welding position and pin- 
point the setting for particular conditions. 


VICKERS ELECTRIC Division 
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1853 LOCUST STREET - 


SAINT LOUIS 3, 


pration 


MISSOURI 


200 
400 
{ 
Interior surtaces zine 
WRITE TODAY FOR NEW BULL Portable mounting « 
Me ERR © OR FIED ERS. WRITE FOR DETAILS. 
= WACKERS > 
92) 


for SOUND WELDS 


with OUTSTANDING PHYSICALS 
NEW 
PHOSPHOR BRONZE ELECTRODES | 


| now available from Byers Supply Co 
of Oakland, Calif. 

Known as the Sight-Guard, the shield 
| is molded from sponge rubber on a flex- 
| ible frame with clips which snap onto 
| any standard lens holder. Weight is 


only 2 02; ventilation is provided to pre- 
vent fogging and assure complete com- . 
fort 
Literature and prices may be ob- 
tained by writing Byers Supply Co., 
3124 14th St., Oakland, Calif, 


Welding Positioner 


A new, universal-balance welding 
positioner has recently been put into 
production by the P&H Welding Divi- 
sion of the Harnischfeger Corp.  Des- 
ignated as the UP-1000, the unit po- 
sitions pieces weighing up to 1000 |b for 
downhand welding. It occupies a floor 
area of 22 * 26in. and weighs only 200 
lb. 

Even though the UP-1000 does not 
operate by means of electric motors 


Harnischfeger claims that its operation 
is extremely simple and practically 


foolproof 


Another “first of its kind” development of Alloy Typical Physical Properties 
Rods Company research brings an entirely new of Bronze-Arc C Electrodes 


phosphor bronze electrode — Bronze-Arc C. Incor- Tensile Strength p.s.i 58,000 to 65,000 
porating a unique low hydrogen type coating, y 


Bronze-Arc C electrodes have demonstrated Vield Strength p.s.i. 30,000 to 37,000 
advantages... porosity-free deposits, all-posi- Jo Elongation in 2°’ ga. 42% to 48% 
tion welding, smooth easy flowing arc character- Hardness, Rockwell B 721078 
istics, easy slag removal and outstanding Foce Bend 180° 
physical properties. Root Bend 180° 


Bronze-Arc C conforms to 
A.W.S.—A.S.T.M. 

Specification No. 8-225-53T, 

Classification E CuSn-C. 


Write today for complete infor- 
mation on new Bronze-Arc C elec- 
trodes—the electrodes designed 
especially for high strength, X-Ray 
quality welds. 


General Offices and Piant * York 3, Pa. 


end Further information about the new 
Co. Segundo, Calif. P&H UP-1000 Welding Positioner is 


available from the Harnischfeger Corp., 
Milwaukee 46, Wis., or any of its weld- 
ing sales offices or distributors. 


no finer electrodes made... anywhere 
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Double End Welder 


The double end welder, a new develop- New ar DOM A@ 


ment in resistance welding equipment 


by the Tavlor-Winfield Corp., is said 


to cut production time and costs by 502 LIME ELECTRODES 


simultaneously joining both ends of a 


matic for automo- for x-ray quality welds 
= Al 


Flash-butt welding of rolled steel band 
stock to high-strength forgings produces 
low-cost bands of lasting strength 
Welding both ends at once cuts produe- 
tion costs even more 
The new Taylor-Winfield double-end 
welder is adjustable for many band 
sizes and forging shapes For complete 
details write to Taylor-Winfield Corp., 
Warren, Ohio 
Spot Welder 
Sciaky Bros., Inc., 4915 W. 67th St 
Chicago, [lL., announce the new design 
of a standard, air-operated, press type 
“Wave P 
New Arcaloy 502 lime electrodes produce welds 
This welder is one of a series of sizes of required x-ray quality in 4 to 6% chrome 
ranging from OST through 78T.  Avail- steels as required for high temperature, high 
able in 100 kva at 50% duty evele, the pressure services. Arcaloy 502 electrodes have 
PMCO 28ST can be supplied with either a new lime, low hydrogen type coating, a 
36-, 48-, or 54-in. throat depth and ele coating that will not fingernail, eliminates under- 
‘ ’ bead cracking and provides a basic slag with a 


scavenging action that consumes impurities 


The New Arcaloy 502 lime electrodes have 
excellent weldability in all positions, with an 
arc action smooth and stable, an easy-to-con- 
trol weld metal and slag. Arcaloy 502 elec- 
trodes conform to A.W.S. A5.4 and A.S.T.M. 
A298-55T Specifications, Grade E502-15. Try 
the New Arcaloy 502 electrodes for x-ray qual- 
Alloy ity welds in your high temperature, high pres- 
sure applications. Contact your Alloy Rods 
Rods Distributor or write the plant for all the facts. 


General Offices and Piant « York 3, Penna. 


) 
Pacific Coast Seles Offices and Pient 
El Segundo, Californie 


no finer electrodes made... anywhere 
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weld manganese bronze 


and yellow brasses 


without preheating — 


with 


AMPCO* 


MANG-TRODE 


AMPCO METAL, 


Sele producer of 
genuine Ampceo Meral 


Thats right — Ampco's 
revolutionary new manga- 
nese-bronze electrode can 
be applied when the piece 
is at room temperature. You 
needn't bother with costly 
pre-heating. Arc-welding with 
Mang-Trode is fast, because 
you can use high current densi- 
ties. And you get dense, solid de- 
posits that look good and that 
have mechanical properties similar 
to those of the base metal, 


Mang-Trode cuts costs, speeds op- 
erations, on all manganese-bronze and 
yellow brass welding. Prove it to your- 


self. Order Mang-Trode now through 
your nearby Ampco distributor or write us, 


Reg. U. S. Pot. Off. 


INC. 
Dept. 


West Coost Plent + Burbank, California 


New Products 


trode force up to 4300 |b. at SO psi line 
pressure. 

The PMCO reportedly will 
make consistent high quality welds on 
large production runs on a wide range 
of low carbon steel, austenitic steels, 
aluminum and magnesium alloys, air 
hardenable steels and stainless steel, all 
to Military Specifications, MIL-W-6858. 

For more complete information of the 
PMCO 28ST, write to Public Relations, 
Dept. M-2 at the Chicago address, re- 
questing Bulletin 334-3. For illustrated 
stories of typical applications of the 
PMCO 2ST in aircraft welding, request 
free copies of “Resistance Welding at 
Work,” Vol. 3, No. 4; Vol. 4, No. 4; and 
Vol. 4, No. 5. 


Welding Ring 


A new flat type welding ring with 
diameter spacer pins has been 
introduced by Tube Turns, Louisville, 
Ky., a division of the National Cylinder 
Gas Co. According to the manufac- 
turer, it was developed to improve the 
submerged are welding of pipe and 
fittings, but is also suitable for many 
manual welding applications. Report- 
edly, it enables joints to consistently 
pass X-Ray and Gamma-ray inspection, 
and to meet all safety code require- 
ments. For further information write 
to Tube Turns, 224 East Broadway, 
Louisville 1, Ky. 


WELDING 
PRODUCTS 


WHERE THE 
WELD IS THE 


HEART OF THE JOB— 


you have to be sure all joints are secure 
against invisible defectsand that calls 
for an Electrode Holder designed to get 
into tight places, with unvarying rod grip 
sureness. That’s why HI-AMP Elec- 
trode Holders are preferred by so many 
fabricating and structural supervisors. 
Yes, you'll invariably find all HI-AMP 
Welding Products are employed wher- 
ever welding is a vital part of any opera- 
tion. 


Sold only through Welding Supply 
Distributors in the U.S. and Canada 


WAGNER 
MFG. CO. 


150 W. Ist SOUTH SY. 
CKSON, MISSOURI 
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would you like to know more about this important question .. . 


how does a regulator work? 


Your oxygen regulator tames a cylinder pressure 
which may exceed 2200 p. s. i.; it must do so con- 


sistently, reliably and safely. 


Just how does so sensitive an instrument, so sturdy 
a regulator, work — what is pressure anyway — 
wherein lies the difference between a pressure 
gauge and a tubular flowmeter — when would you 
select a single and when a two-stage reduction reg- 


ulator — and wherein lies their difference? 


On what basis do you select a regulator to meet 
specific requirements of low or very high delivery 
pressures, or minute or very vast volume of flow? 


[Notional 


If you have asked yourself these and similar ques- 
tions about pressure, about the measuring of flow, 
about all of the many problems your regulator must 
solve for you, write for this new, FREE National 


regulator booklet today. 


| NATIONAL WELDING EQUIPMENT CO. | 
! 218 Fremont Street, San Francisco 5, Calif. | 
Please send FREE ‘Regulator’ booklet. 
| 
POSITION 
| 
COMPANY 
| | 
ADDRESS | 
| | 
city ZONE STATE 


NAT | NA welding equipment COMPONY... 218 tremont street san francisco 5 californie 
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SUPPLEMENT TO THE WELDING JOURNAL, 


SEPTEMBER, 1955 


NITROGEN EFFECTS IN ARGON ARC 
WELDING ATMOSPHERES 


Laboratory investigation proves need for 


high argon purity in the application of this gas 


lo the shielding of steel welding arcs 


BY H. C. LUDWIG 


ABSTRACT. The solubility of nitrogen 
in steel are weld metal has been deter- 
mined when using argon-nitrogen atmos- 
pheres. The results indicate greater 
chemical activity than that expressed by 
i square root law of gas solubility with 
respect to nitrogen pressure in the are 
velding atmosphere. The solubility of 
nitrogen at one atmosphere was found to 
bein the range of 0.038-0.041% by weight 
The average found corroborates the ac- 
cepted value of nitrogen solubility in pure 
iron at 1540° C under equilibrium condi 
tlons 

Not all of the nitrogen absorbed by the 
molten weld metal is retained. As the 
metal cools to the solidus, nitrogen is re 
leased to form gross porosity The poros 
ity has been found detrimental above 
ibout 1% by volume nitrogen in the argon 
ire welding atmosphere. These data ex 
plain the reasons for the high argon purity 
requirement in the application of that gas 
to the shielding of steel welding arcs 


H. C. Ludwig is associated with the Weldin 
Section, Research Laboratories W eatinghous: 
Flectric Corp., East Pitteburgh, Pa 


Presented at AWS National Spring Meetir 


held in Kansus City, Mo., June 7-10, 1955 
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Introduction 


The nitrogen content of argon shielding 
gas is critical in the are welding of low 
A nitrogen absorp 
tion-desorption mechanism in molten 


carbon mild steel 


steel and iron causes weld porosity 
This paper describes the effects of nitro 
gen in argon atmospheres on consum 
able mild steel electrode are welding de 
posits and provides the tolerance limit 
of nitrogen contents in the shielding 
gas 
The solubility of nitrogen in iron has 
been extensively investigated because 
of its influence in the making and work 
ing of steel. However, 
knowledge of nitrogen solubility in the 


present-da 


iron and steel liquid phase remains 
limited, particularly with respect to the 
presence of nitrogen in gas mixtures 
Sieverts,' Chipman,? Sawyer’ and others 
have determined the nitrogen solubility 
in the iron liquid phase for pure nitro 
gen atmospheres. Chipman found that 
pure iron maintained at 1540° C under 
one atmosphere of pure nitrogen would 


Ludwig Argon Arc Welding 


contain 0.039% nitrogen by weight 
with an increase of 1.5 &* 10%%/° C to 
1760° C. Sawyer claimed that his re- 
sults follow a square root law with nitro- 
ven pressure with 0.0158% N dissolved 
it one atmosphere at the melting point 
of iron value of nitrogen 
olubility in pure iron at one atmosphere 
at 1540° C is 0.031% N. Brick and 
Creevy* obtained 0.0389 in pure iron 
it one atmosphere at approximately 
1590" ¢ Fast’ concluded that nitro- 
gen diffuses too slowly from liquid tron 
for the amount of nitrogen retained to 
be altered appreciably by the rate of 
cooling. The Sievert-Chipman values 
for nitrogen solubility in iron at one at 
mosphere pressure for a range of tem- 
perature are shown graphically in Fig. | 

Hensel® found that the nitrogen con- 
tent of weld metal was reduced consider- 


Sieverts’ 


ably in a nitrogen are welding atmos- 
phere as compared to are welding in air 
itmosphere, Nitrogen may be ab- 
sorbed in bare wire are welds in an ai 
itmosphere to the extent of 0.15-0.20% 
Nitrogen 


by weight absorption in 


+ +— + Accepted value 
for the density of 0.06% 
0.000 | — + 78 Carbon Steel — 787 
CHIPMAN 
77 
7 
Lad | o 75 @= Straight 
| 74 ° 
| | 
| ~ 
z | 
2 
70 
69 
| | 68 
67 
} 6) 02 03 04 05 
oO 800 1200 1600 2000 Nitrogen Partial Pressure-Atm 
TEMPERATURE “SC Fig. 2. Apparent density of weld deposits in argon-nitro- 
Fig. 1 Solubility of nitrogen in iron at 760 mm Hg gen arc welding atmospheres 
Table | 
Nutrogen 1/Cube Partial 
partial Combined root pressure 
pressure Density nitrogen partial V2/% N 
are weld weld pressure weld lee Ire Polarity 
atmos phere dle posit deposit, deposit voltage, current, ( Elee- 
atm qi % wt /atm atm/Y N amp trode Test No 
0. 0000 0 0004 10.36 2.25 2! 41 AN 
0 0012 7 87 2:5 205 
0 0074 7. 88 O12 5.13 62 215 + WAN 
0 0102 7 86 1 61 2:5 200) SAN 
7.76 0 O14 20 210 10 AN 
0 0212 7.12 0 O24 4.61 0 8S 23 200) 33 AN 
0 0226 7.2% 0 G23 3.53 0 OS 21 210 ' 15 AN 
0 0328 6.02 0 O17 3.12 193 22 210 { 11 AN 
0 0445 i 70 0 024 2.82 1 86 21 200 + 14 AN 
0.109 0 033 2.09 2:3 200 35 AN 
0.177 0 O35 1.78 5.06 25 + 36 AN 
0.324 0 O40 145 S10 37 AN 
0.512 0 O40 1.25 12.8 28 10 } 38 AN 
0.708 1 O8 5 20 75 39 AN 
0.999 0 O41 1 00 24.6 30 175 1 AN 
0. OO87 0 OO15 1&5 5 80 235 350 55 AN 
0.179 0 O81 1.77 5.80 26 $20 61 AN 
0.000 0 1 oo 26.3 42 56 AN 
0 0049 7.61 0 007 5 8S 0.70 2 170 IS AN 
0 0050 5 68 2 70 19 AN 
0 O148 106 87 170 20 AN 
0 7.44 300 0 170 30 AN 
0.02386 7.32 0 022 3.49 1 oF 25 170 AN 
0.0207 68 0 024 4.23 1 24 2 170 AN 
0 O388 “670 0) 028 2.95 1 4S 26 170 22 AN 
0 OR45 4.08 0 030 2 28 2 82 2 170 23 AN 
0 1405 0 082 1 1 38 2b 170 214 AN 
0. 228 0 O84 1 64 70 26 70 25 AN 
0.345 0 O37 1 42 O33 26 70 26 AN 
0.572 0) OSS 1 21 15 1 26 170 27 AN 
0.861 0 039 1 05 22.1 32 150 28 AN 
0.990 0 030 1 oo 25 6 $2 150 29 AN 
0.0037 0.0038 46 1.23 2s 3340 59 AN 
0.160 0.034 1 84 171 27 340 60 AN 
0.999 0 O41 1.00 24.4 $2 $25 58 AN 
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oxy-acetylene welding of low-carbon 
mild steel seldom exceeds 0.02% by , 
weight, apparently due to the shielding 
action of the acetylene and oxygen or 
their combustion products. 

Argon commercially extracted from Plate workpiece O16 O54 0.022 0.031 0 07 0.0115 0 0041 
natural atmosphere by liquid air frae- 


Material ( Un Pp S Si 0 \ 
Klectrode 0 18 0 55 0 011 0 039 0 09 0 0076 0 0044 


tionation and supplementary chemical 
purification processes is produced to a 


0 040) 
purity of about 99.6-99.9°7, the major 
impurity being nitrogen. One objec- 
tive of the work described here was to 

00% 
determine the effect of residual quanti- 
ties of nitrogen as an impurity in argon 
shielding gas on mild steel are welding 

deposits. 

- Test Program and Results 


Rigid control of the are shielding gas 
was assured by making weld deposits 
in a chamber specifically designed to 


= maintain the desired gas compositions. 
+ The high purity gases which formed the 
urgon-nitrogen are atmospheres were 
= | eee ee ae } Proportions of each gas were regulated 
ELECTRODE NEGATIVE 330 AMPS by individual calibrated manometers 
| positive | ing technique was employed to displace 
: the existing gas in the chamber with the 
Foor +——++ - desired gas mixture, A total gas pres- 
sure of about 760 mm Hg was main- 
tained for the tests. A flow of the gas 
0 008 = mixture was maintained during each 
test. Gas samples were taken directly 
| | from the chamber and analyzed by mass 
tent of the are atmosphere was varied 
ur ia from 0.09 to 99.9% in controlled addi- 


PARTIAL PRESSURE NITROGEN ATMOSPHERES 
piece materials were low-carbon mild 


Fig. 5 Combined nitrogen in weld deposits of argon-nitrogen arc atmospheres steel of compositions: 
Direct current supplied by a constant 

potential generator was used operating 
50.05 1 at 70 v open circuit. Welds were made 
= with electrode both positive and nega- 
. 6 ELECTRODE NEGATIVE 330 AMPS | trode and plate material were precleaned 
04 | POSITIVE 320 « to remove surface scale or other foreign 
4 " POSITIVE 165 « | Sampli : 
nitrogen analysis was carried out by 
S milling to '/i. in. of the plate (work- 
piece) surface. The chemical analysi 
o | | | | | Ne | for nitrogen retained in the weld de- 
Fr} EMPIRICAL EQUATION posits was made by a Kjeldahl! distilla- : 
- Ms measurements of the weld deposits were 
z made, The density measurements in- 
3 | | ] | ] cluded only cases of low nitrogen par- 
« tial pressures in the argon-nitrogen weld- 
2 0.01 | ing atmospheres. 
38 In general, nitrogen in the argon- 
z 004 % NITROGEN nitrogen are welding atmospheres is 
2 PLATE GNO WIRE absorbed by the molten weld metal! and 

cools, which may cause porosity. A 


RECIPROCAL CUBE ROOT NITROGEN PARTIAL PRESSURE ~— ATMOSPHERES 
measure of the desorbing action or evo- 


Fig. 6 Nitrogen solubility in mild low-carbon steel argon-nitrogen arc atmos- lution of nitrogen is shown by the graph 
pheres of Fig. 2, where the apparent density of 
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the weld deposit (the weight of the de- 
posit divided by its volume) is plotted 
against the partial pressure of nitrogen 
The effect 


weld 


in the welding atmosphere 
of desorption of nitrogen in the 
deposits is illustrated by the photo- 
3 and 4 which show an 
porosity 


graphs of Figs 


increase in with increases in 
partial pressure of nitrogen in the are 
No apprec inble 


change in apparent density oecurs until 


welding atmospheres 


more than about 0.01 atmosphere par- 
tial pressure of nitrogen (approximate!) 
1%) is used, Fig. 2 

The relationship of retained nitrogen 
and the nitrogen partial pressure in the 
correlated with the 


The solubility 


atmosphere was 
measurements, 


the weld deposits as in- 


density 
ot nitrogen in 
fluenced by the partial pressures of nitro- 
gen in the are atmosphere is shown by 
the curves of Fig. 5. A family of curves 
was secured with a variation in are cur- 
rent and electrode polarity; however 
differences 
The solu- 
bility of nitrogen is roughly proportional 
to the square root of nitrogen partial 


there no essential 


the types of curves obtained. 


were 


pressure at small pressures, but falls off 
approaching higher the 
solubility value becomes asymptotic to 
approximately 0.059 N by weight 
The nitrogen solubility data are shown 
in Table 1, 
measurements on the weld deposits and 
calculations for the data treatment to 


pressures 4s 


which also contains density 


be described 

In a treatment of the data from the 
graphs of Fig. 5 and Table 1, a suitable 
form of an empirical equation was found 
involving the reciprocal cube root of 
nitrogen partial pressure: 


oN a 
where % N is the nitrogen by weight in 
the weld deposit; Px, is the partial pres- 
sure of nitrogen in the are atmosphere; 
a and C are constants; a being the slope 
with negative values and C the intercept 
on the ordinate when plotting % N vs 
1/Pyz/*. This 
of straight lines for the entire experi- 
mental range, including combined nitro- 
gen contents below the initial amount 
of the electrode and plate material, Fig 
6. The extrapolated value on the inter- 


plot results in a series 


cept of the ordinate for each curve of 
Fig. 6 is the constant C 
sponds to an infinite pressure of nitro- 


hic h corre- 


gen in the atmosphere if the same rela- 
tions would hold to that condition. The 
intercepts on the abscissa correspond to 
the partial pressures of nitrogen where 


no combined nitrogen would remain i 
the weld metal. 

A linear relationship was also found 
between the ratio of partial pressure of 
nitrogen in the atmosphere to the com- 
weld metal and 


bined nitrogen of 


range at very low nitrogen partial pres- 
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Fig. 7 Nitrogen solubility in mild low carbon steel argon-nitrogen arc atmos- 
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Fig. 8 Nitrogen solubility in mild low-carbon steel in argon-nitrogen arc atmos- 


pheres (supplementary to Fig. 7) 


7 and 8. The data fit the 


empirical equation: 


sures, Figs 


1{BPN, 
1+ BPn, 


A and B are constants 
equation 2 can be rearranged to 


where 


Px 


AB 


Kquations 2 and 3 do not conform to 
the data below values of nitrogen par- 
tial pressure about 0.007 atmosphere as 
shown in Fig. 8 These points corre 
spond to the amount of combined nitro 
gen originally present in the electrode 
and plate, that is, 0.0044Y N, 
the Pw./% N values increase again with 


wherein 


a decrease in nitrogen partial pressure 


In general, nitrogen is absorbed and 


partially desorbed by the weld metal for 


partial pressures down to a range of 
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about 0.004-0,01 atmosphere nitrogen. 
This corresponds to 0.4-1,0 mole or 
volume nitrogen in argon, as- 
suming ideal gas behavior. A correla- 
to exist between the den- 
sity measurements and the 
anomalous behavior found at low par- 


percent 
tion appears 


obtained 


tial pressures of nitrogen since a change 
in apparent density of the deposited 
metal occurs at the sume range of partial 
nitrogen. In Fig. 8, the 
straight line portions of the curves fit- 
ting logs. 2and 3 represent partial pres- 
sures of nitrogen in the welding atmos- 
phere for which porosity in the weld de- 
posits is Porosity was not 
evident at partial pressures of nitrogen 
weld atmosphere where a 
relationship of negative 
This range of nitro- 
gen partial pressure is further defined as 
vhere the ratio of partial pressure of 


pressure 


evident. 


in the are 
straight line 


slope was obtained 


113-s 


nitrogen in the are atmosphere to weight 
percent nitrogen in the weld deposit in- 
creases with a decrease in nitrogen par- 
tial pressure in the atmosphere. A 
critical pressure is evident which occurs 
at about 0.007 atmosphere as shown in 
Fig. 8 where N)\/dPw, is 
zero. From Fig. 2 where apparent 
density of the weld metal is plotted ver- 
sus the partial pressure of nitrogen, indi- 
cations of porosity are shown above 
about 0.007 atmosphere nitrogen. Be- 
low this value sound deposits in all cases 
but one was found, It appears then 
that about 0.007 atmosphere nitrogen 
represents a critical pressure above 
which absorption and partial desorption 
of nitrogen occurs in the weld metal and 
below which only desorption occurs. 
The residual amount of nitrogen 
(0.008% by weight) originally in the 
electrode material is substantially re- 


duced, thus producing weld metal of 
very low nitrogen content. 


Conclusions 


The following conclusions are drawn 
supported by the data obtained and its 
treatment: 

1. Nitrogen is dissolved by low-car- 
bon mild steel in welding ares of argon- 
nitrogen atmospheres and partially re- 
tained on cooling. 

2. The value of about 0.04% by 
weight nitrogen absorbed by steel at the 
liquidus temperature appears to cor- 
roborate the findings of Chipman and 
Murphy, Brick and Creevy. 

3. The amount of fixed nitrogen re- 
tained in the weld deposits described is 
altered only slightly by the are heat 
energy input and its distribution. 

4. Nitrogen initially present in the 
welding electrode material can be sig- 


nificantly reduced by restricting the 
nitrogen to below a partial pressure of 
0.005 atmosphere in the argon are gas 
shield. 

5. From the practical point of view, 
argon used in inert-gas-shielded con- 
sumable-electrode processes should con- 
tain no more than 1.0% nitrogen and 
preferably less than 0.5%. The nitro- 
gen may be an impurity of the cylinder 
argon and/or nitrogen may be intro- 
duced from the natural atmosphere which 
is in proximity to the argon gas shield. 
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Westinghouse Research 


RESEARCH 
NEWS 


Aircraft Advisory Committee 
Organized by the Welding 
Research Council 


At the suggestion of several sources, 
the Welding Research Council organ- 
ized an Aircraft Advisory Committee, 
with L. M. Crawford as its chairman. 
Serving on this Advisory Committee 
are representatives from the interested 
governmental agencies and important 
aircraft companies. The purpose of 
this Aircraft Advisory Committee was 
to review the needs of the aircraft indus- 
try and make basic recommendations 
to the Welding Research Council and 
to other interested agencies in regard to 
needed research work relating to air- 
craft, airframe and engine manufacture. 
Accordingly, the Welding Research 
Council canvassed the aircraft industry 
and from various sources obtained a 
list of some 30 problems which the air- 
craft industry thought merited consider- 
ation by the Aircraft Advisory Com- 
mittee 

The Aireraft Advisory Committee 
carefully considered these various prob- 
lems and selected five problems as hav- 
ing the greatest interest to most of the 


4\4-s 


organizations in the industry. The 
five problems selected are: 

1. Development of Filler Wire and 
Covered Electrodes for Weld- 
ing Heat Treatable, Low-Alloy, 
High-Tensile Steels 


2. Fusion Weldability of High 
Strength Aluminum Alloys 
2014, 2024 and 7075 

3. Investigation of Weldable 


Grades of Precipitation 
Hardening Type Corrosion Re- 
sistant Alloys for Normal Tem- 
perature Use 
4. Development of a Weldable Pre- 
cipitation Hardening Alloy for 
Use in the Range 1200-1350° F 
5. Resistance Welding Control Sys- 
tems 
(a) Development of a resistance 
weld control system which 
will produce a realistic and 
acceptable uniformity in 
the quality of production 
spot and roll welds 
(b) Deveiopment of a reliable 
nondestructive method for 
inspection of flash welds 


These problems were formulated by 
the committee and have been distrib- 
uted in pamphlet form to the Armed 
Services, the Aircraft Industries Associa- 
tion and to appropriate committees of 
the Council. Undoubtedly, interested 
groups will undertake the necessary re- 
search work and eventually the results 
will be made available to industry. 
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WRC Plasticity Committee 
Makes Headway 

The Welding Research Council Plas- 
ticity Committee, under the chairman- 
ship of Paul F. Ffield, is making con- 
siderable headway in the final prepara- 
tion of a manual on Designing to Prevent 
Brittle Failure of Field-Erected Welded 
Steel Structures. The manual is to be di- 
vided into three parts, Materials, Fabri- 
cation Procedures and Design. There 
will also be included a Glossary of Terms 
and Test Specimens referred to in the 
manual. 

Several drafts have been prepared of 
each section. Comments have been 
secured from a representative cross sec- 
tion of industry for each of the parts. 
An editor has been selected and assigned 
the first task of coordination of the 
three parts, elimination of duplication 
and rearrangement of the material in a 
logical, useful fashion. After this task 
is completed the first draft of the edited 
copy will again be resubmitted to a 
number of people for comments and the 
manual will then be printed. 

Every effort has been made by the 
Plasticity Committee to provide mate- 
rial which the average designing engi- 
neer can use. Compromises have been 
effected on many of the controversial 
points. For the most part, these com- 
promises represent a realistic appraisal! 
from an economical viewpoint of what 
can be done now with presently avail- 
able materials. 
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STRESS-RELAXATION AND STRESS-RELIEF 
OF SOME MAGNESIUM ALLOYS 


Stress-relaration measurements by the use 


of the simple and cantilever beam 


are described for several commercial magnesium alloys. 


Requirements of stress relief of welded parts are pointed oul 


BY PAUL KLAIN 


ABSTRACT. The stress-relaxation condi- 
tions for several commercial magnesium 
alloys by the use of the simple beam and 
cantilever beam methods are presented 
Stress-relaxation curves for AZ31A sheet, 
MIA sheet, ZK60A extrusion and AZ63A, 
AZ92A and ZKS5I1A castings at several 
different temperatures and initial stress 
levels are included and the significant 
trends discussed. The requirements for 
stress relief of welded and of machined 
parts are pointed out 


Introduction 

Stress-relief treatments are widely 
used on many metals to remove internal 
or “‘locked-in’”’ treat- 
ments are most commonly applied to 
metals after welding or machining. In- 
ternal stresses may or may not be harm- 
ful and their removal may not always 


stresses. The 


be necessary. In fact, stresses may be 
deliberately induced in some parts to 
improve their performance, as in the 
case of peened parts in which fatigue 
life is greatly improved by the presence 
In the 


magnesium industry, stress relieving is 


of compressive surlace stresses 


widely used on most alloys after welding 
and is sometimes used on unwelded 
castings. However, it is not common 
practice to stress-relieve castings unless 
welded or unless close dimensional! toler- 
ances after machining are required 

The removal of internal stresses is 
most easily accomplished by heating 
the parts to a sufficiently high tempera- 
ture to allow plastic flow to occur. This 
results in a phenomenon known as stress 
relaxation Relaxation is a form of 
creep occurring under a diminishing 
stress, as differentiated from the usual 
creep phenomenon, which takes place 
under a constant stress In heating 
the parts for relaxation to occur, the 


Paul Klain i« associated with the Dow Chemical 
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temperature and the time of heating 
must be controlled so that the proper 
ties of the materials are not affected 
adversely. This is especially true of 
the strain or precipitation-hardened 
metals 

The internal or 
whose removal may be desirable are 


residual stresses 
those originating from any nonuniform 


plastic deformation such as strain 


hardening or cooling effects. Stresses 
originating from strain hardening may 
he caused by bending, drawing, twist 
ing, machining, grinding, peening, ete 
Stresses arising from cooling effects may 
be associated with casting, quenching 
cooling we lding and metallurgical phase 
changes 

Until recently the consideration of 
relief of residual stresses in magnesium 
alloys has received scant attention in the 
literature. The work of R. J. M. Payne? 
is the only published information con- 
taining factual data regarding stress- 
relief conditions and thew effect on 
properties. Payne’s studies covered the 
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Equipment for simple beam relaxation tests 


stress-relief treatments for the British 
casting alloys AZ91 (9Al—1Zn), AS 
(SAl), Z5Z (4.5Zn—-0.7Zr) and MCZ 
(3misechmetal-0.6Zr). Found and Pitts- 
ley® devised techniques for measure- 
ment of residual stresses and determined 
their magnitude in AZ63A and AZ92A 
commercial castings. They found that 
residual stresses in magnesium castings 
were considerably lower than generally 
found in other alloys and that aging 
treatments essentially eliminated them. 
Hildebrand and Strieter* reported that 
ZK51A castings required a 2-hr heat 
treatment at 600° F for 95% stress re- 
lief. This was in good agreement with 

yne’s results on the equivalent 


Pa 
British Z5Z alloy 
Stress-Relaxation Measurements 


Two methods were used to determine 
Initially 
the simple beam of uniform cross sec- 
tion but of varying stress as suggested 
by Kempf and VanHorn' was used on 
These investigators 


the degree of stress relaxation, 


sheet materials 
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6.000% 


2 HOLES = ORILL ON > 


A LINE PERPENDICULAR 
TO SPECIMEN ¢ AND PASSING 


THROUGH SPECIMEN APEX 


Fig.3 Jig for cast cantilever relaxation 
specimen with weight pan and specimen 


Fig. 2. Dimensions of the cantilever beam specimen used for relaxation tests 


and has completely replaced the simple adjusted to contact the deflected beam 


correlated 


showed that the method 


" closely with Sach’s determinations of beam method. Both methods will be and then clamped in position. The 
residual stresses in solid cylinders. fully described. specimen was carefully removed and 
Later, the uniformly stressed cantilever 1. Simple Beam Procedure the jig preheated to the desired tempera- 


ture. The specimen was replaced in 
the jig and both were heated for a pre- 
determined time, after which the speci- 
men was quickly removed from the jig 
and both allowed to cool separately 
After both were cool, the specimen was 


beam specimen (Fig. 2) was developed 
because of certain difficulties involved 
in the preparation and use of cast speci- 
mens in the simple beam test. The 
cantilever beam specimen was about 


The equipment for the simple beam 
relaxation tests is shown in Fig. 1. The 
specimen was prepared from 0.064-in. 
sheet, machined to 0.250 in. width and 
was 12in. in length. The specimen was 


half the length of the simple beam, thus 
allowing casting to shape and size in- 
stead of machining from castings. 
Since its inception, the cantilever beam 


placed across the two outside steel pins 
which were insulated from the main 
frame of the relaxation fixture. A 
loaded weight pan was suspended from 


reinserted into the jig and the weight 
required to break contact from the pin 
was determined. 


The 


difference 


be- 


tween the original load and the load 
after heating was the relaxation load. 


the center of the beam to produce the 
desired fiber stress. The center pin was 


method has been found satisfactory for 
use in both wrought and cast materials 


Table 1—Composition and Mechanical Properties of Some Commercial Magnesium Alloys 


Typical properties 


G 
Alloy elonga- 
designation, Alloy % 1000 psi tion in 
ASTM condition* Al Zn Mn Zr Mg TS TYSt 2 in 
Sheet materials 
MIA “«) 1.2 Bal. 33 18 12 16 
-H24 37 28 24 7 
AZS1A -() 3.0 1.0 0.3 Bal. 37 22 16 21 


-H24 32 


Extrusions 


MIA -F 1.3 Bal. 34 20 12 9 
AZ31B -F 3.0 10 0.3 Bal. 37 26 15 12 
AZOIA -F 6.5 10 0.2 Bal. 44 30 19 14 
AZB0A -F 8.5 0.5 02 Bal. 48 32 12 
AZS0A -TS 52 36 33 5 
ZK6OOA F 5.7 0.55 Bal. 49 38 33 12 
ZKOOA TS 51 43 34 10 


Castings 


AZOBA 6.0 3.0 0.15 20 14 14 6 
-T4 10 14 14 12 

-T5 20 5 

T6 40 19 19 5 

AZO2A F 90 2.0 0.15 24 14 14 2 
4 40 14 14 10 

rs 24 14 2 

rm 40 23 23 2 

AZOIC 8.7 0.7 0.138 24 14 14 2 
40 14 14 

r6 40 19 19 

ZKSIA 4.6 0.75 38 21 9 
rs 41 26 26 8 


*-F = As-cast, as-rolled or as-extruded; -T4 = solution heat treated; -T5 = artificially aged; -T6 = solution heat treated and 
artificially aged; -H24 = hard rolled or strain hardened; -O = Annealed (wrought products ) 
? Stress at which stress-strain curve deviates 0.2% from modulus line 
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Fig. 4 Relaxation of MIA sheet in the - 


This was then converted to fiber stress 
Duplicate tests showed reproducibility 
of +200 psi. 


2. Cantilever Beam Procedure 

The cantilever beam specimen shape 
and size are given in Fig. 2, The thick 
ness of the specimen could be varied 
from 0.064 to 0.2125 in., while the maxi 
mum width was fixed at '/. in. and the 
length was 6 in. from the point of re- 
straint to the loading point The equip- 
ment used is shown in Fig. 3. The 
specimen Was deflected to the desired 
initial stress by weights in the suspended 
pan and the setscrew in the jig was ad- 
justed to maintain the deflection As 
in the simple beam procedure the speci- 
men was removed and the fixture pre- 
heated separately then the specimen 
was reinserted and both reheated to the 
desired conditions. After the speci- 
men was cooled separately from the jig 
the load required to break contact be 
tween the specimen and the setscrew in 
the fixture was determined. The differ- 
ence between the initial and the final 
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Fig. 5 Relaxation of AZ31A sheet in the -O and -H24 
O and -H24 tempers tempers 


load was the relaxation load, which was son with stress relief conditions estab- 

then calculated to stress values by the lished in this investigation. 

uniformly stressed cantilever beam for- 

mula: S = 6PL/bd?. where S was the Presentation of Data 

stress in psi, P the load, L the specimen The relaxation data were plotted as 

length, b the specimen width and d the percent stress relief against the time of 

specimen thickness heating on a semilogarithmic seale. 
Before each test at a given tempera- These charts were believed to be of more 

ture, a blank relaxation specimen, with practical value to the engineer than the 

a thermocouple, was placed in the fur stress-time type. The tabular data 

nace to determine the specimen tem were not included since the necessary 

perature and the time required to bring points were plotted in the graphs. For 

the specimen up to temperature. The weldments, a minimum value of 80% 

heating-up time was deducted from relaxation was found to give satisfac- 

short holding times but was disregarded tory stress relief 

for the longer heating times 


Wrought Alloys 

Materials The relaxation data for the sheet alloys 

The commercial magnesium alloys MILA and AZS31A are shown in Figs, 4 
for which stress-relaxation data were and 5. These values were obtained by 
obtained are listed in Table | according the use of the simple beam method. 
to ASTM designations. Also included The relaxations were obtained at tem- 
are some alloys which had not been peratures of 200, 300 and 400° F for 
studied but for which stress-relief recom initial stresses of 11,000 and 15,000 psi. 
mendations were available. The heat The curves showed that SO% stress re- 
treating schedules for some of these lief was obtained by heating M1A-H24 
alloys are given in Table 2 for compari for » hr and the MIA-O for 24 hr at 
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Fig. 6 Relaxation of ZK60A -F from various initial stresses Fig. 7 Relaxation of ZK60A -T5 from various initial stresses 
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Table 2—Heat Treatment Schedules for Some Magnesium Alloys* 


Treatment 
—T4t —T6 
Time, Temp, Time, Temp, Time, Temp, 
Alloy hr hr hr 
Cast alloys 
AZ63A 4 500 12 725 5 425 
AZ92At 4 500 18 765 4 500 
18 775 16 335 
ZK5SIXA 12 350 
Extrusions 
AZB0A 18 350 
ZKOOA 24 300 


* AZX2A and AZYIC may require special heat-treatment conditions where germination 


is encountered. 


+t AZ63A, AZ92A and AZ91C are brought up to holding temperatures at a uniform slow 


rate to prevent melting. 


t Alternative solution heat treatments are available if required to prevent germination. 


400° F. Commercial practice has been 
to stress relieve the M1A-H24 for 1 hr 
at 400° F and the M1A-D) for 15 min at 
500° F. As the results indicated there 
seemed to be some basis for the com- 
mercially used stress-relief conditions 
for MIA-O material even though no 
actual data existed. It was assumed 
that the curve for the 500° F heating 
tests would fall below the 400° F curve 
for the -H24 temper, judging by the re- 
lationships of the curves obtained at 
300° F. 

The curves for AZ31A sheet in Fig. 5 
showed 80% stress relief was obtained 
after | hr at 300° F for the -H24 temper 
and approximately 10 hr for the -0 
temper. By increasing the tempera- 
ture to 400° F, about 95% stress relief 
was obtained after | hr. The commer- 
cial stress-relief treatments, based on 
adherence to single conditions for all 
alloys, required | hr at 300° F for the 
AZ31A-H24 and 15 min at 500° F for the 
AZ31A-0 sheet. These stress-relief con- 


ditions did not affect the original prop- 
erties of the materials 

A comparison of the data for the two 
alloys showed that AZ31A had a higher 
rate of relaxation than MIA. 


In both 


materials, the -H24 temper resulted in 
faster relaxation than the -O0 temper, in 
agreement with the known fact that re- 
covery of work-hardened materials 
tends to increase stress-relief rate. The 
plotted data also showed that the per- 
cent stress relief was independent of the 
initial stress. 

The data for the extrusion alloy 
ZK60A as well as for all the other data 
that follow were obtained by the use of 
the cantilever beam method. The 
thickness of ZK60A specimens was kept 
at 0.080 in. with as-extruded stressed 
surfaces. Initial stresses of 6000, 9000, 
14,000 and 20,000 psi were used. The 
resulting data appear in Figs. 6 and 7 as 
bands rather than single-line curves be- 
cause of the scatter. The as-extruded 
(-F) alloy relaxed at a faster rate than 
the aged. A heating temperature of 
300° F resulted in 80% stress relief 
after 1 hr and over 95% after 5hr. For 
the -T5 temper, a temperature of 350° F 
was required to give similar results. 
However, to prevent loss of room tem- 
perature properties, the ZK60A-T5 
should not be heated over 300° F. 
Commercial stress-relief, therefore, has 
been limited to heating at 300° F for 


1 hr, which results in approximately 
80% stress relief. The extruded or -F 
temper can be safely heated to 500° F 
without loss in properties and therefore 
commercial stress-relief conditions have 
been fixed at 500° F for 15 min. 


Relaxation of Cast Alloys 


The stress-relaxation data for the 
alloys AZ63A and AZ92A in the -F, -T4 
and -T6 conditions are shown plotted 
in Figs. 8-15. For the -F and -T4 tem- 
pers, the effects of heating temperatures 
of 200, 350, 425, and 500° F on initial 
stresses of 4000, 5000, 7000 and 10,000 
psi were investigated. For the -T6 
temper, the 425° F temperature and 
the 5000 psi stress were omitted. 

The stress-relief curves for the AZ63A 
alloy for each of the tempers are given 
in Figs. 8-10 while the significant curves 
for all three tempers are given in Fig. 11 
for comparison. The points used in 
plotting the curves of Fig. 11 were picked 
from the drawn curves of Figs. S-10. 
The relaxation data for the different 
tempers were best illustrated by the 
combined curves in Fig. 11. The high- 
est relaxation rate was exhibited by the 
alloy in the -T4 temper at all tempera- 
tures, although at 350 and 425° F, this 
oceurred only after a considerable hold- 
ing time. At 500° F, more than 90% 
stress relief was obtained after | hr at 
temperature and very little difference 
in the shape of the curves was evident. 
At the lower temperatures, which also 
were the artificial aging temperatures, 
the greatest deviation from a straight 
line relationshij occurred with the -T4 
temper and the least with the -T6, 
which gave almost a straight line. The 
significance of this will be discussed 
later. 

The curves for the AZ92A alloy in the 
three tempers -F, -T4 and -T6, are shown 
in Figs. 12-14, while the combined data, 
plotted with points obtained from these 
curves, are shown in Fig. 15. Relaxa- 
tion curves showed trends similar to 
those observed with AZ63A. The -T6 
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Fig. 8 Relaxation of AZ63A -F from various stresses at 
different temperatures 
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Fig. 9 Relaxation of AZ63A -T4 from various initial 


stresses at different temperatures 
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temper showed almost a straight line tical temperature for stress-relief treat 500° F are shown in Figs. 16-18. In 
relationship, while increasing devia- ments was found to be 500° F for hold- the -F temper, practically no significant 
tions occurred in the -F and -T4 tem- ing times up to | hr difference was noted, as was evident 
pers The latter resulted in the highest A comparison ol the rates of relaxa from the curves in Fig. 16. In the -T4 
rate of relaxation after an initially slow tion of the two alloys in each of the tem and the -T6 condition, the relaxation 
rate. As with AZ63A, the most prac- pers at temperatures of 350, 425 and rate of the AZ92A was somewhat higher 
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Fig. 16 Relaxation of AZ63A and AZ92A 


in the -F or cast condition 


than for the AZ63A, as shown in Figs 
17 and 18 

Often, some given temperature other 
than investigated might be required 
for stress relief and therefore tempera- 
ture-time curves for a given percent of 
stress relief have proved quite useful. 
To meet those possibilities, curves for 
05, 90 and SO°C), relaxation for the two 
casting alloys in the -T4 and -F condi- 
tions have been plotted and are shown 
in Figs. 19-22. The curves for 95% 
stress relief for both alloys in the two 
tempers have been combined in one 
This graph could be 


stress 


graph in Fig. 23 
particularly useful where 95% 
relief, such as for dimensional stability 
after machining, were required 

The ZKSIA alloy was studied only in 
the -F or as-cast temper. Stress levels 
of 5000 and 10,000 psi were used with 
heating temperatures of 350, 400, 500 
and 600° FF. The specimens were 0.2125 
in, thick, with the edges machine- 
contoured to the cantilever shape while 
the stressed surfaces were as-cast. The 
relaxation data with the resulting curves 
appear in Fig. 24. At 350 and 400° F, 
only 60° 7 stress relief was obtained after 
24 hr. At 500° F, 95°) stress relief 
occurred after 24 hr, while at 600° F, 
only 2 hr were required to achieve 95°; 


stress relief. The curves indicated that 
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in the -T4 condition 


the degree of stress relief at 350 and 
100° F was independent of the initial 
stress, while at 500 and 600° F, a higher 
rate was obtained with a higher initial 
stress. It could be concluded from the 
results that stress relief of ZK51A would 
be most practical at 600° F because the 
heating time would be relatively short. 


Discussion 
Specimen Types 

Specimen preparation in the wrought 
materials offered no unusual problems. 
In the cast materials, three choices were 
available, those with as-cast surfaces, 
completely machined or as-cast sur- 
faces with machined edges. The re- 
producibility of each condition was as 
below: 


specimens were due to disturbances in 
surface stresses caused by the machin- 
ing Operation. As a result, the wholly 
cast or machined-edge specimens were 
used in the tests reported herein. An 
estimation of experimental errors, in- 
cluding measurements of thickness, 
width, location of loading point and 
load weights indicated a possible accu- 
mulated maximum error of 4°), with no 
significant differences in the two meth- 
ods of specimen preparation. 


Wrought Alloys 

The relaxation curves of the wrought 
alloys indicated straight line relation- 
ships, but, if plotted on rectangular co- 
ordinates, the curves would show the 


Specimen condition 
As-cast surfaces 
Completely machined as-cast surfaces 
Contour machined edges 


Test Streas relief, % 
Time, Temp, Test Test 
min °F 1 2 

40 350 42 42 
00 350 53 1 
90 350 44.5 5.9 


The higher rates of relief in the machined 
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Fig. 19 Time-temperature conditions for AZ63A-F at 
95, 90 and 80% stress relief 
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90 and 80% stress relief 


initially with appreciably slower rates 
on extended heating time. The relaxa- 
tion rates were affected to a greater de 
gree by temperature changes than by 
holding time, and therefore, when neces 
sary to change relaxation conditions, a 
change in temperature rather than in 
holding time, would be indicated 

The curves for MIA and AZ31A indi 
cated that their relaxation rates were 
independent of the initial stresses, up to 
at least 15,000 psi. However, the re 
laxation curves for ZK60A in both tem- 
pers showed that the relaxation rates 
were higher for higher initial stresses 

The curves for the wrought alloys also 
indicated that the rate of relaxation was 
dependent on the structural condition of 
the materials. The work-hardening al- 
loys MIA and AZ31A in the -H24 or 
work-hardened temper exhibited faster 
relaxation rates than the -) or annealed 
temper at a given temperature and re 
quired lower temperatures for a given 
rate of relaxation. The occurrence of 
rapid flow or relaxation in work-hardened 
materials at relatively low temperatures 
without detectable recrystallization but 
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90 and 80% stress relief 


with a slight change in some of the me as relaxation rates, depending on the con- 
chanical properties is a metallurgical dition and temperatures used. A com- 
phenomenon designated as recovery prehensive survey of property changes 
This is, in asense, an annealing or soften and dimensional stability in AZ92A and 
ing operation but without detectable AZO3A when heated to various aging 
metallurgical change. The precipita temperatures was made by Leontis and 
tion hardening ZK60A alloy showed Nelson These authors covered heat- 
more rapid relaxation in the as-extruded ing temperatures up to 500° F, which 
than in the precipitation hardened (-T5 also were the stress-relieving tempera- 
condition. This difference in relaxa tures covered by this work. They 
tion rates could be attributed to the showed that the rates of aging and 
higher yield and creep strength result growth were greater for the higher alloy 
ing from the precipitation or to a metal content AZ92A than for the AZ63A, 
lurgical instability in the extruded state Higher strengths and lower ductilities 
like the recovery in work-hardened were also exhibited by AZ92A. The 
material aging process Wis accompanied by 

A comparison of the three alloys growth, which could be used as a meas- 
showed that their relaxation rates in ure of the degree of aging or precipita- 
creased in the order MIA, AZ31A and tion. A comparison of the relaxation 
ZK60A. This also was the order of in curves for the two alloys with the data 
by Leontis and Nelson showed that re- 
laxation curves followed closely the 
Cast Alloys trends in aging. ‘These trends are illus- 

The commercial casting alloys of the trated in Fig. 25 in which the relaxa- 
Mg-Al-Zn type are of the heat treatable tion, growth and hardness changes of 
variety Therefore, reheating for re AZ92A-T4 were plotted for 350 and 
lief of residual stresses could result in 125° Ff. The abrupt increase in relaxa- 
changes of mechanical properties as well tion coincided with the greatly increased 


creasing creep rates 
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Fig. 24 Stress relaxation of ZK51A -F 
at different temperatures 


aging and growth, indicating that the 
rate of relaxation was greatly influenced 
by the growth resulting from the precipi- 
tation edects. Similar correlation was 
also observed with AZ63A-T4. The 
relaxation curves of the two alloys at 
350 and 425° F for the -F temper 
showed trends similar to those observed 
in the -T4 temper but to a lesser degree. 
This also was in line with the aging re- 
sults of Leontis and Nelson, who showed 
that some precipitation and growth oc- 
curred in the as-cast materials as a re- 
sult of the retention of a substantial 
amount of aluminum and zine in solid 
solution on solidification and cooling 
down of these alloys. While the effects 
of low temperatures on relaxation were 
interesting and the reasons for the un- 
usual shapes of the curves could be ex- 
plained by Leontis and Nelson on the 
basis of the aging, the results were of 
less importance practically than those 
obtained at 500° FF. Reference to the 


series of curves forall tempers in Figs. 11 
and 15 showed that for practical pur- 
poses, relaxation treatments at 500° F 
for | hr resulted in better than 95% 
stress relief for AZ63A-T4, AZ92A-T4 
and AZ92A-F, and better than 85°, for 
AZ63A-F, AZ63A-T6 and AZ92A-T6 
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Fig. 25 Stress relief, hardness and growth curves for 
AZ92A -T4 at 350 and 425° F 


Therefore, the stress-relief reeommenda- 
tions for welded My-Al-Zn castings cur- 
rently used in the magnesium industry 
comprises the heating of weldments to 
500° F and holding for | hr 

The ZK5I1A cast alloy compared very 
closely in composition with the wrought 
ZK6OA, the difference being only in the 
zinc content. The relaxation curves 
of the two alloys, appearing in Figs. 6, 
7 and 24, showed that the cast metal ex- 
hibited much lower rates of relaxation 
and required higher temperatures or 
longer times. At 350° F, only 60° re- 
laxation was obtained after heating for 
24 hr as compared to 90°) relaxation of 
the ZK60A-T5 after | hr. The ZK51A 
alloy showed a rate of relaxation at the 
lower temperatures which was independ- 
ent of the magnitude of the initial 
stress but at the higher temperatures 
the rate of relaxation was greater with 
higher stresses. For 95°), stress relief, 
heating to 600° F for 2 hr would be 
required, 


British Relaxation Data 

R. J. M. Payne reported? the results 
of stress-relief studies on the British 
AZ91, AS, Z5Z and MCZ cast alloys. 
The technique used was to split a cast 


ring, 3'/in. OD, 13/,in. thick and 1-in 
deep. A '/in. slot was made in the 
ring with gage marks scribed on either 
side of the slot. A *, y-in. wedge was 
forced into the slot and the amount 
of spring-back after heat treatment 
was measured by a tracking micro- 
scope. 

Payne’s data for AS and AZ91 have 
been replotted in Figs. 26 and 27 in 
terms of percent stress relief. Since the 
lowest temperature used was 482° F 
(250° C), the effects of precipitation in 
the as-cast alloys were missed because 
there was a marked decrease in growth 
at temperatures above 425° F and a 
rapid increase in the solid solubility of 
aluminum and zine. A fair agreement 
between Payne's data on AZ91 and the 
present data on AZ92A-F is indicated 
by comparison of Figs. 12 and 27 
Payne also showed that stress relaxa- 
tion of AZO and AS was independent of 
the magnitude of the initial stress, thus 
agreeing with the data on AZ92A and 
AZ63A in this paper. For 95°, stress 
relief of AZ91 and AS, his data showed 
heating for 2 hr at 626° F (330° C) was 
required. It was also shown that the 
properties of the two alloys were not 
significantly affected by this treatment 
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Fig. 26 Relaxation of British A8 alloy in as cast condition. 


Data from R. J. M. Payne? 


422-s 


Magnesium Alloys 


Klain 


1.0 1.5 5.0 24 mMmOURS 
30 60 90 300 600 440 MINUTES 
TIME AT TEMPERATURE 


Fig. 27 Relaxation of British AZ91 alloy in as cast condi- 
tion. Data from R. J. M. Payne’ 
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Table 3—Stress Relief Treatments for Some Commercial Magnesium Alloys after 
Welding 


Sheet 
Te mp, Time 
{/loy F min 
AZ31A-0 500 15 AZ31A-F 
AZ31-H24 300 60 AZOLA-F 
MIA-O) 500 15 AZS0A-I 


M1A-H24 100 60 AZSOA-TS 
ZKGOA-F 


Extrusions 


('astings* 


Te mp, Tome mp, Time 


niin Alloy min 
500 15 AZO3A 500 60 
500 15 AZV2A 500 60 
500 15 AZVIC 500 
60 
500 15 
300 60 


* Treatment applies to -F, -T4 


Practical Considerations 


The chief reason for stress-relieving 
magnesium alloys is to prevent stress- 
corrosion failures of parts after welding 
The internal stresses after welding may 
be as high as the proportional limit and 
have been observed to reach 15,000 psi 
in some wrought alloys. Stress relief 
is also useful in maintaining dimensional 
tolerances after machining when a high 
degree of precision is required 

The phenomenon of stress-corrosion 
cracking of welds has been observed in 
most other metals as well as magnesium 
under proper conditions In 
um alloys, only the Mg-Al-Zn series are 
susceptible to stress-corrosion cracking 
Therefore, of the wrought alloys studied 
only the AZ31A material is in this class." 
The MIA and ZK60A are not 


corrosion sensitive 


stress 
and therefore do not 
alter 


These two alloys are not used 


require stress-relief treatments 
welding 
extensively in welded applications be- 
cause of the low weld efficiency in the 
case of the MIA and because of limited 
weldability of the ZK60A 


In the field of casting allovs, the Mg 


Al-Zn variety, consisting of the Ameri 
can AZ63A, AZ92A and AZOIC as well 
as the British AS and AZ91 are also sub 
ject to stress corrosion after welding 
and therefore require stress-relief treat 
ments. Internal stresses may be pres 
ent in some cast materials either as a 


result of 
These 
magnitude 


casting or machining elfects 
order ol 


difficulties 


are generally of a low 


and cause no 
from may have a 
ilter 


machining, where a high degree of pre 


stress corrosion but 
considerable effect on tolerances 
Therefore, for di 
after 
stress relief may be required on all cast 


cision is required 


mensional precision machining 
alloys 

{ minimum of 95°, stress relief is a 
commonly accepted requirement where 
dimensional stability or tolerances have 


to be controlled Where the 


primar. 
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T5 and 


-T6 tempers 


concern ts stress corrosion, & minimum of 


80°), stress relief has proved adequate 


in all commercial magnesium alloys 

Another class of 
tance in welded applications is the ex 
truded alloys Here again the Mg-Al 
Zn alloys treat 
ments after welding to prevent stress 


materials of impor 


require stress-relief 


corrosion failures. In most 


the extruded 


respects 
nonheat-treatable alloy: 
to the annealed sheet 
heated to 
temperatures, up to at 


behave similarly 
relatively high 
least 600° | 
affecting the me 
The precipitation 
equire specifi 


and can be 


without significantly 
chanical properties 
hardening alloys 


knowledge of maximum heating tem 
peratures to prevent loss of properties 
due to o ernging 

The currently used stress-relief treat 
ments for welded commercial magnesi 
um alloys are shown in Table 3 These 
treatments have proved satisfactory in 
failures of 


eliminating stress-corrosion 


welds under service conditions for the 
past eral vears While no stres 

relaxation data are available for AZ31LA 
AZOLA and AZSOA extrusion alloys to 
predict stress-relief conditions, never 


theless 
hay ly en has don stress 


the treatments given in the table 
corrosion test 
welds annealed under 
conditions It 
phasized that the 
Table 3 are 


weldments and 


conducted on 
variou should be em 
treatments listed in 
primarily for stress relief of 
may not be 


applicable 


where dimensional stability is required 


since only SO%, stress relief is set up a 


ilue, whereas minimum 
j ndicated for tability 


ments When 95°, stress 


the minimum 
of 95% require 
relel is re 
quired, ref should be made to the 
suitable 


ad if i 
sufficiently low 


onginal curves for 


condition In 


selection of 
some cuses, test 
were not irmiedd out to 


stress leve to permit the selection of 


actual conditions but in most cases the 


data will permit an intelligent estimate 


of the most probable conditions 
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Vaqne sium 


In the preceding discussions, no men- 
tion of local stress relief as a method of 
reducing inte! nal stresses was considered, 
However, the feasibility 
relief for prevention of stress corrosion 


of local stress 


of welds has been frequently raised 
The subject has not been sufficiently 
investigated to permit definite conclu- 
sions but on the basis of some exposure 
tests and recent measurements of resid- 
ual stresses in welds, indications were 


that local heating provided satisfactory 


stress relief. The procedure currently 
recommended for both wrought and 
ist My-Al-Zn alloys is to heat the area 


in question with a gas torch to 600° F 
and maintain the temperature for 10 
min Che part is allowed to cool slowly 


ind away from drafts. Local heating 
has the drawbacks of uncertainty in the 
heating conditions and the possibility 
of inducing additional stresses, particu- 
larly in highly restrained or complicated 
parts. The best assurance for 


of internal stresses is to heat the 


the re- 
movil 


entire part whenever possible 


Summary 

Stress measurements 
by the use of the simple and cantilever 
deseribed 

tress-relaxation curves for 
the wrought alloys AZ3IA, MIA and 
ZKOOA and/or the cast alloys AZ63A, 
AZY2ZA and ZIKSIA are presented. The 
British alloys AS and AZ9I 
based on J \I 
melded for 

3 The 


significance 


relaxation 


beam are 


2 The 


curve 
Payne's data are also 
practical applications and 
of relaxation data to stress- 
treatments of the 
illoys are pointed out 

j hie tres 


number of 


rehef commercial 
treatments for a 
used commercial 
summarized in 


ommonly 
magnesium alloys «are 
lable 3 

5 The 
this paper 


information presented in 
intended to be factual and 
of use to engineers and fabricators as a 
guide in meeting problems arising from 


fabrication or machining processes 
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PROPERTIES AND CHARACTERISTICS 


OF A QUENCHED AND TEMPERED STEEL 
FOR PRESSURE VESSELS 


Results of test program designed to determine 


fensile properties, notch toughness, metallurgical characteristics, 


welding characteristics, gas-culling characteristics 


and fatigue properties of the steel 


BY W. D'ORVILLE DOTY 


Introduction 

This paper concerns a new steel for pres 
sure vessel construction This stee!] 


need for a constructional steel, primarily 


was de eloped to meet the 


in plate form, possessing in the quenched 
and tempered condition a minimum 
vield strength of 90,000 psi good low- 
temperature toughness and good weld 
ability In addition to these character 
istics, the steel in the 
tempered condition was designed to 


quenched and 


possess sufficient ductility to undergo 
bending to reasonable radii, to have 
satisfactory machinability and to be 
amenable to gas cutting without special 


eure As 


results described in this paper and in 


will be evident from the test 


a companion paper! these goals have 
been a hieved 

described the lab 
oratory research work which lead to the 


A previous pape! 
development of “T-1” steel provided 
data on plates from the first commercial 
heat of the steel and described many of 
the engineering potentialities of the new 
steel. The previous paper also stated 
that arrangements were being made to 
build and test several full-scale pressure 
vessels made of ‘“T-1”"’ steel in order to 
demonstrate its suitability for pressure 
vessel construction. The vessel testes 
have now been completed In addi 
tion, laboratory tests have been con 
ducted on plate samples from the same 
heat used in the test 
determine the tensile properties, the 


vessels in order to 


W. D'Orville Doty is Research Engines We 


ing, Applied Research and Development, Unit 
States Steel Corp., Pittsburgh, Pa 

Presented at 1955 AWS National Spring Meeting 
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in a trademark of the United State 
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notch toughness, the metallurgical chat 
acteristics, the welding characteristics 
the gas-cutting characteristics and the 
fatigue properties of the steel 

This paper describes the results of 
many laboratory tests on plate samples 
from the pressure-vessel-test heat and 
The tests on the 


full-scale pressure vessels are described 


certain other heats 


in the forementioned companion paper 
A third paper discusses design of pre 


sure vessels made of “T-1’’ steel.’ 


Composition and Mechanical 
Properties 

The chemical composition range, by 
ladle analysis, for “T-1”’ 
in Table | The table also shows the 
chemical composition of the '/.-in-thick 
plates from Heat No. 74L236—the 
vessel-test heat. The steel is 


steel is given 


pressure 


Table |1—Chemical Composition of 


"T-1" Steel 


Heat 
Vo 

om postition 74L236 

Y ladle 

ladle analyst 
analyar 
(larbon 0 10/0 20 
Manganese 0 60/1 OO 0 92 
Phosphoru 0 040 max.* 
Siilfur 0) O50 max.* 0 O20 
Silicon 0 15/0 35 0. 26 
Nickel 0. 70/1 00 0 
Chromium 0 40/0 80 0 50 
Molybdenum 0 40/0 60 0 46 
Vanadium 003/010 0 06 
Copper 0 15/050 $2 


0 0002/0 006 0.0051 


soron 


* Phosphorus 0.035% max. and sulfur 


0.040% max. for firebox quality 


Doty Pres 
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a low-carbon alloy steel with properties 
attained by quenching and tempering 
It may be noted in the table that the 


carbon content is low, not greater than 


0.200; \ low-carbon level is essential 
for good weldability; furthermore 
toughme Is pronounced at low 


The steel contains the 
elements manganese, nickel, 
vanadium, 


carbon level 
alloying 
chromium, molybdenum, 
copper and boron in earefully selected 
quantities in order to permit the attain 


ment of high-yield strength in combina 


Table 2—Mechanica!l Properties of 


"T-1" Steel 


Thickness 


'/, lo 
in., 
incl 
Yield strength (min.), ext 
under loud, pai’ 00,000 
Densile strength (min.), pel 105,000 
longation in 2 in., % (min,) 1s 
Reduction of area, % (min. ) Ht 
lol in (ver 1 to 
incl 
Cold 
bend{ 180°, D 21 180°, D 


* Yield strength values shown elsewhere 
in this paper sre based on 0.2% offset 

tA tandard O.505-in 
ised if the thickness exceeds 


diam tension 
specimen 

~in. On size «in. and under, a strap 
type tension specimen may be used; how 
ever, the reduction of area specification i 
then lowered to 459 minimum 

{Cold bend tests are not ordinarily 
specified, If specifically requested, these 


values can be met 


| 
= 
125-6 


with and good 


tion 


high toughness 


TENSILE PROPERTIES (0 505-IN-DIA SPEC) 


weldability. The element boron allows PLare viELO TENSILE CLONG oe oF 
STRENGTH, PS in AREA 
the use of relatively small percentages of (0.2% orr-ser) STRENGTH, PS % 
other alloying elements such as nickel — ose ane 
and molybdenum which are less avail- 
QUENCHED (Om 
steel in the plate thickness QUENCHED (1) 
range '/, to 2 in., inclusive, is furnished (2) — 
to the mechanical properties given in CHARPY KEYHOLE IMPACT PROPERTIES 
to the plates by the following heat QUENCHED — QUENCHED PLATE ROLLED AL Are 
e TEMPERED TRANSITION | TRANSITION TEMP 
treatment aor vezr 
(1) Water quenching cold from an : 2039 
austenitizing temperature in 
the range 1650 to 1700° F, and ba ° 
é « 
(2) tempering in the range of 1150 a. 
to 1200° F, followed by water 
quenching cold 
The effect of this heat treatment on the t 202 
tensile and impact properties of plate -¢ 
within the above-mentioned thickness 
range is illustrated in Fig The Fig. 1 Effect of heat treatment on mechanical properties of T-1" steel 


Orientation 


(All plates 


Yield 
Strength 


Slab and location (0.2% off- 
No of specimen wel), par 
62670 Long. bot 119,700 
Long. top 124,400 
Trans. top 124,400 
2672 Long. bot 107,300 
Long top 106,700 
Trans. top 111,000 
62074 Long. bot 115,600 
Long top 111,000 
Trans, top 112,200 
2675 Long. bot 121,400 
Long top 125, 100 
Trans top 125,800 
H2076 Long bot 116,500 
Long. top 110, 500 
Trans, top 112,300 
02077 Long, bot 121,400 
Long top 114,600 
Trans top 117,100 
H2078 Long. bot. 114,500 
Long top 111,600 
Trans top 15,000 
“2070 Long. bot 124,800 
Long, top 115, 100 
Trans top 125,500 
62680 Long. bot 114, 100 
Long top 107,700 
Trans, top 1090, 600 
O2081 Long bot 116, 100 
Long top 110000 
Trans top 120,600 
H2082 bot 125,500 
Long top 120,000 
Trans top 119, 100 
O2085 Long bot 126,700 
Long top 121,050 
Trans, top 125, 100 
62087 Long hot 125,500 
Long top 120,700 
Trans top 116,800 
62088 Long. bot 108, 500 
Long. top 112,700 
Trans, top 118,000 


Tensile 
strength, 
pest 
123,300 
127, 800 
120, 200 
113,150 
115,650 
117,400 
121,600 
117,100 
119,200 
400 
800 
300 
7,000 
400 
, 700 
000 
4,000 
33,600 
100 
5,100 
, 200 
000 
700 
, 200 
2,000 
000 
000 
200 
200 
, 000 
3,300 
100 


124,550 


Elasty 
ratio, 
% 
07.0 
“7 4 
9605 
"49 
92.2 
O44 
045 
1 
O45 
O58 
6 
94.5 
941 
92.5 
6 
4.9 
03.5 
92.3 
92 1 
87.7 
92.7 
92.7 
93.3 
5 
945 
2 
44 
5 
95.5 
O41 
6 
92.7 
92 6 
“458 


, in. thick, firebox quality 


Elong 


in 8S in., 


o 


, 


Table 3—Mechanical Properties of 'T-1"' Steel Plates Used in Test Vessels 
Heat No. 741,236) 


Charpy keyhole 


Impact 
Elong Value 
in 2in., at —40° F, 
% ft-lb 

27 34-33-32 

28 

27 24-22-22 

32.0 33-31-35 

20.0 

31.0 29-28-27 

20.0 32-42-42 

31.0 

27.0 24-25-24 

31.0 31-31-28 

26 0 

26.0 2-2:3-21 

28.0 3-55-44 

28.0 

23.0 26-25-26 

28 0 $2-32-30 

31.0 

22.0 25-25-25 

27.0 30-30-30 

25.0 

200 27-28-27 

23.0 20-31-33 

28 0 

28.0 25-24-25 

20.0 36-34-54 

32.0 

27.0 27-28-28 

27.0 31-50-31 

22.0 

26.0 23-23-22 

28 0 20-27-30 

27.0 22-22-22 

27.0 34-30-31 


22-22-21 
31-30-30 


to to to te 


x 


22-20-21 
0 29-32-20 


tt te 
ze 


24-23-22 


Ductility- 


transition Hard- 
tempera ness 
ture, ° F* (DPH) 
—217 272 
107 200) 
217 272 
208 204 
— 225 
200 28.4 
212 277 
235 208 
205 275 
235 286 
208 206 
235 202 
230 307 
255 
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* Longitudinal specimen. 
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10.7 
15 
10 7 
11.0 
11.7 

5 

10 5 
10 2 
110 
10 2 
110 
8 0 
13.0 
10 

| 
10 
| 10 
| 15 
10> 
12.0 
11.7 
10 7 
| 15 
13.2 
10 
10 2 
13.0 ) 
0 
105 0 
9.2 
0 
0 


ductility-transition temperature selected 
at the middle of the “seatter band” in 
the Charpy-keyhole-notch curve 
used as the criterion for evaluating the 
notch toughness of the steel. It may 
be noted that the hot-rolled plate has a 
yield strength less than 90,000 psi and a 
ductilitv-transition 
60° F 


wis 


temperature near 


Quenching the plate to form a 


martensitic microstructure raised the 
yield strength and greatly improved the 
low-temperature notch toughness. The 


minus 140° F transition temperature for 
the as-quenched plate may seem sur- 
prisingly good in comparison with the 
known poor toughness of martensite in 
high-carbon steels. However, such 
good low-temperature toughness is char- 
martensite 
Tempering resulted in a further 
provement in notch toughness, a moder- 
ate lowering of the vield strength and a 
doubling of the tensile elongation. It 
should be borne in mind that the data 
on notch toughness are based on 
2-in.-thick 


well known that toughness decreases as 


acteristic of low-carbon 


im- 


, to 
material However, it is 
the plate thickness increases 

The the 
many heat-treated plates used in the con- 


mechanical properties of 
struction of the test vessels previously 
mentioned are given in Table 3. These 
data “cross-rolled”’ 
plate and illustrate the similarity between 


were obtained on 
longitudinal tensile and transverse ten- 
sile properties and between the tensile 
properties from specimens taken from 
the top and from the bottom of each 
unit plate rolled from a slab. It may 
also be noted for the plates rolled from 
the 14 that the vield strengths 
range from 106,700 to 126,700 psi, well 
above the 90,000 psi minimum for the 
stee] 

As may be 


slabs 


Table 3 


seen in 


the ductility-transition temperatures 
by the Charpy-keyvhole-impact — test 
range from 194 to 238° F. The 


value for plate from Slab No, 62678 is 
212° F 


for longitudinally 


This transition temperature 
oriented Charpy- 
key hole specimens may be compared in 
Fig. 2 with the transition temperatures 
obtained from transversely oriented 
and from 
longitudinally onented and transversely 


V-notch 


ductility-transition 


specimens, similarly notched, 


oriented 
The temperature 
by the Charpy V-notch test was selected 
at the 10 ft-lb level. It 
that regardless of specimen orientation 
the 
similarly notched specimens are nearly 
the same. The transition by the 
Charpy V-notch test is about 25° | 
higher than that by the Charpy-keyhole 
test 

The effect of plate thickness in the 


to 2 in 


Charpy specimens 


can be seen 


transition-temperature values for 


range * inclusive, on the ten 


sile and impact properties of ‘T-1 
in Table 4 It 


noted that the tensile properties and the 


steel is shown may be 
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Table 4—Effect of Plate Thickness on Mechanical Properties 


of "T-1" Steel 


Tensile prope tiea® 
Yield 
Plate strength Ten Elong Red. of 
thickne 0.2% offset strength, in 2in., area, 
m pst pat % 
111,300 122, 250 21.0 65.8 
122,800 128, 800 21.0 6x 1 
124,800 131,400 20.0 65 9 
l 123,550 130, 100 21.0 70.2 
2 119,150 128, 200 20.5 68 0 
( harpy Ae yhole pact prope ties? 

Plate Duetility- 
thickness Orientation of Specimen transition 
in plate temp., 

| Longitudinal near midthickness — 105 

17/, Longitudinal near midthickness —212 


Heat 348267 


Heat 208144 


low-temperature notch toughness vary 


only a relatively small amount 


on ductility-transition 
given in Table 5 


temperature 1s 
The data show lower 
transition temperatures for higher tem 
The effects of 
tempering temperature on hardness and 


pering temperatures 
strength will be discussed later in this 
paper 

The 


transition temperatures of un 


Table 5—Effect of Tempering Tem- 
perature on Ductility-Transition Tem- 
perature of "T-1" Steel 


Charpy-keyhole impact test Longi 


tudinal specimens from |-in.-thick plate* 


Ductility 
Tempering franailion 


le m perature le mperalure 


F 
1100 150 
1200 170 
1250 

205 


* Heat 348267 


The 


effect of plate tempering temperature 


strained, strained and aged, 
strained and stress-relieved speci- 


stramed 


mens of plates from each of two heats of 
T-I steel are shown in Table 6 It 
is apparent from the data that for the 
specimen conditions investigated, the 
two ““T-1" steel plates have about the 
sume low susceptibility to straining and 
the same low susceptibility to 
Although there is no 
transition 
temperatures as obtained experimentally 
with the Charpy-keyhole-impact test 
and the service performance of pressure 
steels, the data in Table 6 sug- 
vest that the amounts by which the low 
transition temperature of “T-1” steel 
is raised by straining or strain aging are 
for 
involving 


nearly 
strain wing 


ihsolute correlation between 


vessel 


probably most com 


cold- 


unimportant 
mercial applications 


formed plates 


Heat-Treating Characteristics 

Typical the 
structure in hot-rolled, as-quenched, and 
tempered '/,-in.-thick 
ire given in Fig. 3. The strue- 
ture in the hot-rolled plate is predomi- 


photomicrographs — of 


quenched and 


plate . 


Table 6—Effect of Straining and of Straining and Aging on Ductility-Transition 
Temperature of ''T-1" Steel 


( harps 


franailion 


lenup 

Unetrained* 
Strained 10% (cold re- 

duced 222 
Strained 10% and artificially 

wed for 1 hr at 550° I 102 
Strained 10% and stress re 

lieved at 1100° F for | 

hr 273 


keyhole 
Longitudinal specimen 


Heat 


Ductility 


test 


from */in.-thick plate 
AS46062 Heat 478404 
Difference in Ductility- Difference in 
transition transition transition 
lemp temp le mp., 
175 
5 155 +20 
63 145 +40 
1s 180) 5 
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In the quenched and tempered condition 


martensite, re- The structure is 50% martensite and the 


nantly proeutectoid ferrite and high- tempered low-carbon 
carbon martensite with possibly some spectively. An end-quench harden- balance bainite at 0.5 in. and 100% 
bainite. The high-carbon martensite ability curve for steel from the pressure- bainite at 1 in. 
is a consequence of the ferrite precipita- vessel-test heat is shown in Fig. 4. For The relationship between hardness 


tensile strength and tempering tempera- 


The structures in the as-quenched a distance of about 0.38 in. along the 


tion 
plate and in the quenched and tempered bar from the quenched end the micro- ture for ‘“T-1"’ steel is presented in Fig. 
plate are low-carbon martensite and structure is at least 95° martensite. 5. It may be noted that a tensile 
strength of at least 105,000 psi is at- 
tained even at relatively high tempering 
| CHARPY KEYHOLE-NOTCH SPECIMEN] CHARPY V-NOTCH SPECIMEN temperatures, The retardation of the 
ad loss of strength with increasing temper- 
ing temperatures in the range 900 to 
aiar 3d 1100° F results from the precipitation 
; I i of fine vanadium carbide. A_ similar 
24 ad relationship exists for yield strength; 
7 P therefore, if a plate after heat treatment 
2 id * d has a yield strength lower than 90,000 
= psi the plate need only be reheated to 
d sane 1675° F, water quenched and then 

tempered at a temperature somewhat 


TESTING TEMPERATURE —F TESTING TEMPERATURE 


LONGITUDINALLY ORIENTED 


lower than that previously used in order 
to obtain a higher yield strength. This 


q | CHARPY KEYHOLE-NOTCH SPECIMEN | — CHARPY V-NOTCH SPECIMEN method of attaining desired tensile 
aq properties is quite different from that 
S }> TRANSITION A TRANSITION for hot-rolled steel in which the resulting 
% } q composition, finishing temperature and 
2 cooling rate. 
A temperature-dilation curve for 
a id a id “T-1" steel is shown in Fig. 6. The 
& z | average linear coefficient of expansion 
gheli | over the temperature range of 68 to 
per degree Fahrenheit (13.93 


TRANSVERSELY ORIENTED 


per degree Centigrade). This value is 
within the range of comparable values 
for carbon and medium alloy steels 


Fig. 2 Effect of type of notch on transition temperature by the Charpy test—'/.- 
in. "T-1" steel 


FERRITE 
TEMPERED 
MARTENSITE MARTENSITE 


SUPER PICRAL ETCH— X!000 


SUPER PICRAL ETCH — x!000 


SUPER PICRAL ETCH — X1000 


AS~ROLLED AS~ QUENCHED QUENCHED 
AND 


TEMPERED 


Fig. 3 Typical photomicrographs of '/.-in. "T-1" steel before and after final heat treatment 
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wis 
2 
"ey 
wm pase 
| 
| ae 
| 
i 
| 
; Fig. 4 End-quench hardenability curve for "T-1" steel Fig. 5 Relationship between hardness, strength and tem- 
pering temperature 
transformation diagram of steel 
and serves to show the influence of the z 
particular combination of alloying ele- 
ments in retarding at temperatures y 
above about 950° F the transformation (4 
to ferrite and pearlite \ bainite 
knee”’ juts out to the left below 950° F ° 
Properties of Welded Joints z 

Previous studies? have shown that 3 | 
low-hydrogen electrodes should be used 1 HEATING 
for the welding of “T-1" steel unless a g 
high-temperature preheat Is emplo ed 
and that high-strength electrodes of the 
120,000 psi tensile-strength class are o | | 
necessary in order to develop the full z RAVE: 
strength of the welded steel It was z ere ee 
also shown that the ductility-transition 
temperature by the Charpy-keyhole 5 | 
test of as-deposited 1212015 weld metal | 
would be suitable for ‘“T-1" steel struc- 
tures not stress relieved. However, the gig 6 Temperature-dilation curve for "T-1" steel 
transition temperature of stress-relieved 
£12015 weld metal is very high: thus 
making the weld metal unsuitable for 
those structures which are to be given 

previously mentioned it was desired to = | 
compare the performance of as-welded 
vessels with that of stress-relieved ves 

sels. Since, as described above, suitable | 

stress-relieved vessels could not be made 
with 12015 electrodes, laboratory tests 
were conducted on weld metal deposited 

by other types of electrodes in order to 
find an electrode suitable for welding : 
the vessels which were to be stress re . 
lieved. Tables7 and give the chemical 
composition and mechanical properties “ 
of several weld metals deposited by 
high-strength electrodes. The tensile 
properties were determined from 0.505 ‘ 
weld-metal pad deposited in the bosom A * AUSTENITE 
of a structural steel angle The Charpy a | 
butt joint in “T-1”’ steel plate as shown 
in Fig. 8S The temperature of the stee!] 
angle before welding and of the steel Fig. 7 \sothermal-transformation diagram for ‘T-1"' steel 
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ware wate 
‘ 
@ 
Lt 


Fig. 8 Location of Charpy-keyhole- 
impact specimen in weld metal of a 
butt-joint 


plate before welding was 70° F. It notch toughness of £10016 (Ni-Mo-V) 


will be noted in Table 7 that, either as- weld metal, either as-deposited or as- 
deposited or as-stress-relieved, the tran- stress-relieved, is insufficient for low- 
sition temperature of the E9015 weld temperature applications. Therefore, it 
metal is superior to that of £12015, as- is apparent from the data that for the 
deposited. However, the good low- covered electrodes investigated, only 
temperature notch toughness is gained the E9015 (Mn-Mo) type is suitable 
at a considerable sacrifice in yield for making welds which are to be given 
strength and tensile strength. Table S a stress-relief treatment. 

shows that EIO0I5 (Mn-Mo) weld The inert-gas-shielded welds in Table 
metal, stronger than E9015 weld metal, 7 were made by the inert-gas-shielded 
has good notch toughness, either as- metal-are (consumable electrode) proc- 
deposited or as-stress-relieved. How- ess using semiautomatic and automatic 
ever, this weld metal unlike the others equipment. The butt joint from which 
described in Tables 7 and 8 is hard, very the impact specimens were taken was 
difficult to chip, and cracks under the made in four passes. All welding was 
high-restraint condition in the Navy done in an atmosphere of 1% oxygen and 


patch test (MIL-EF-I86A (Ships)). The 99%, argon. It may be noted that, in 


Table 7—Chemical Composition and Mechanical Properties of Weld Metals Deposited by High-Strength Electrodes 


AWS Comp Weld-metal composition, Yo (undiluted deposit ) 
class type iy Vn P S Si Ni Cr Mo V Ti 
Mn-Mo 0 07 1.45 0 025 0 024 0 39 0 06 0 0.35 0 02 0.14 0.013 
Ni-Mo-V 0 O06 1.12 0.014 0 O18 0 40 2.11 0.95 0 21 O11 0 005 
Inert-gas 
shielded Ni-Mo-V 0 07 1 0 O17 0 O15 0.30 11 0 40 0.09 0.29 0 008 
All-weld-metal tensile properties 
(0.505-in. diam specimen ) 
Yield 
strength 
I nlerpass (0.2% Tensile Elong Red. of 
iWws Comp temp., offset), strength, m area, 
claas (ype Condition pst psi 
Mn-Mo As-welded 100 SOO * 95,700 16.3 28.1 
Moos Mn-Mo As-welded Rising 61,750 84, 600 20.0 62.5 
MOOS Mn-Mo Stress relieved (1100° F) 100 87 , 250° 94, 200 23.5 55.7 
Mn-Mo Stress relieved (1100° F) Rising 67, 82,500 26.8 63.1 
12015 Ni-Mo-V As-welded 100 113,300 120, 200 20.5 58 7 
12015 Ni-Mo-V Stress relieved (1100° F) 100 116,000 128,700 18.8 59 4 
Inert-gas 
shielded Ni-Mo-\ As-welded 100 105, 800 113,800 21.0 63.9 
Charpy-keyhole impact properties 
Ductility- 
Comp. transition 
{WS clases type Condition temp., ° F 
Mn-Mo \s-welded —155 
hOOLS Mn Mo Stress relieved (1100° F) — &3 
12015 Ni-Mo-V As-welded — 78 
12015 Ni-Mo-V Stress relieved (1100° F) Above 130 
12015 Ni-Mo-V Quenched from 1675° F, 15 
tempered at 1175° F 
Inert-gas shielded Ni-Mo-V As-welded — 129 
Inert-gas shielded Ni-Mo-V Stress relieved (1100° F) — § 


* Yield point 


Table 8—Chemical Compositions and Ductility-Transition Temperatures of Additional High-Strength Weld Metals 


AWS Comp Weld-metal composition, % (undiluted deposit ) 
class type Mn P Ss Si Vi Vo Vv Cu 
Mn-Mo 0.16 1.97 0 023 0 O17 0 41 0 22 0 16 0.43 0 002 O14 0.018 
Ni-Mo-V 0 08 0.55 0 018 0 025 0 45 1.97 015 0 68 0.09 0 16 0 O18 
Charpy-keyhole impact properties 
Ductiluy 
{Ws Comp transition 
class type Condition femp., ° F 
10015 Mn-Mo As-welded 172 
10018 Mn-Mo Stress relieved (1100° F) - 
10016 Ni-Mo-V As-welded 28 
10016 Ni-Mo-V Stress relieved (1100° F) 12 
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Table 9—Results of Tests of Transversely Butt-Welded Tension Specimens of ''T-1"' Steel 


Plate 
thick- Rein Tensile Joint 
Electrode NERS Heat force strength, Location of efficiency, 
type in No C'andition of weld ments psi* failure % t 
12015 As-welded Of 118,700 Buse metal 100 
12015 l 208144 As-welded Off 115,400 Base metal 100 
73U115 As-welded Ot 117, 100 Weld metal U3 8 
73U115 Stress relieved (1100° | Off 113,900 Weld metal Old 
KOOLS l 32U020 As-welded On 121,500 Base metal 100 
| 32U020 Stress relieved (1100° On 117,250 Weld metal 
12015 74L236 As-welded Off 25, 400 Base metal 100 
74L236 Stress relieved (1125° 1 Off 119.000 Weld metal 
Inert-gas Heat-affected 
shielded 74L236 As-welded Ot 120, 100 base metal 100 
. . * Average of three values 


+t Based on actual strength of unwelded plate 


general, the weld metal properties are welding of ‘““T-1"’ steel since difficulty liminary tests on weld metal of a new 
" similar to those obtained in comparable has been experienced in obtaining weld composition appear promising and fur- 
joints welded with [12015 electrodes metal that has good low-temperature ther testing is under way. 
Automatic submerged-are welding notch toughness in combination with The results of tests of transversely 
has thus far been little used for the high strength. However, recent pre butt-welded tension specimens and 
longitudinally butt-welded tension speci- 
mens, all of quenched and tempered 
18” steel, are given in Tables 9 and 10 
le respectively. Details of the specimens 
ire shown in Fig. 9. The temperature 
A rr A of the plate before welding was 70° F. 
lhe transversely welded specimen serves 
only to show whether or not the weld 
metal is stronger than the base metal 
TRANSVERSELY BUTT- WELDED TENSION SPECIMEN Measurement of elongations between 
gage points across the joint are of limited 
value because the materials between the 
- 9” - gage points are of many different char- 
acteristic Ductility of the joint as a 
whole ts determined from the longitudi- 
% nally welded specimen, Lt will be seen 
in Table 9 that 1:12015-welded speeci- 
LONGITUDINALLY BUTT-WELDED TENSION SPECIMEN mens with the reinforcements removed 
a 80 broke in the base metal, and 100% joint 
60° efficiency was developed. Full strength 
4 
was also obtained in the inert-gas- 
welded joint with the reinforcements 
removed \ somewhat lower joint 
{Root OPENING efficiens obtained welded 
ROOT OPENING joints with the reinforcements removed 
CMLARGED VIEW GF SECTION A-A ENLARGED VIEW OF SECTION A-A In Table 10 a comparison of the results 
ro the welded specimens with 
from unwelded specimens shows that 
‘4 ° Fig.9 Details of butt-welded tension specimens the percent elongations in the welded 
Table 10—Results of Tests of Longitudinally Butt-Welded Tension Specimens of "T-1" Steel 
Yield 
trength 
Plate Tensile Klong Klong 
Electrode thickness Heat offset trength in & in 2 
type Vo Condition of weld psi* 
S462 As-welded 102, 900 120, 200 11 2 
12015 205144 As-welded 101, 400 119,900 14.3 27 7 
s2U020 As-welded 102, 200 112,400 147 32 4 
020 Stress relieved (1100° F) 102, 100 111,100 160 a4. 4 
Inert-gas 
shielded 74L236 As-welded 100, 800 119, 400 9 6 20 
None (base 
metal As-welded 115.000 123.0004 il Of 25 Of 
* Average of three values 
t Typical value 
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0026" 


Ay AND REFINED 
ZONES 


BASE METAL 


men is given in Fig. 11. The micro- 
structure in the coarsened zone, the 


SINGLE. vee location of maximum hardness in Fig. 
CUT 10, was martensite and bainite. The 


WELDED AT 70 F 
WITH 5/32-IN DIA oxygen-cut specimen show rig. 11 
i T&T xygen-cut specimen shown in Fig. 
will be discussed in detail in a later 
section. 


The AWS-ASME Standard Qualifica- 


tion Procedure used for welding-proce- 


Ay Ag ANO REFINED 
ZONES dure qualification and for welding- 


BASE METAL 


operator qualification requires that 


butt-welded specimens of a prescribed 
design be capable of bending around a 
bend jig. Historically, this guided- 
3 bend test was introduced in United 
H 209 ' States Navy specifications in the 1930's 
i RAUB TENITIZED | and the welded steels to which it was 
applied were usually the structural car 
6.8 0.4 0.28 9.4 bon steel grades welded with mild stee! 


OISTANCE FROM WELD CENTER LINE — INCHES 


Fig. 10 Results of hardness studies on a butt joint in '/»-in. “T-1" steel 


specimens are in general somewhat 
higher than those of the comparable 
base metal specimens. Although the 
percent elongations for the inert-gas 
welded joints were lower than those of 
the comparable base metal specimens, 
the values are still good considering the 
high strength developed 

A Vickers hardness survey to deter- 
mine the weld metal, heat-affected zone 


SINGLE-V BUTT JOINT 
WELDED AT 70F MET, 


electrodes. The size of the mandre!] 
an¢ jig has remained unchanged even 
though the test is now applied to welded 
and base-metal hardnesses was made on steels differing widely in strength and 
joint in ductility. For reasons presented be- 
low, a suggested change in the guided- 
bend test as applied to joints in high- 
vield strength steels is given in Fig. 12 


section cut from a 
quenched and tempered “T-1" steel 
plate welded at 70° F with £12015 elee- 
trodes. All impressions were made 
with a 2'/,kg load. It will be seen in 
Fig. 10 that the peak hardness obtained 


The illustrated specimens of quenched 
and tempered “T-1" steel were pre- 


in the coarsened zone was about 360 pared as shown in Fig. 13 and then 
(DPH). A panorama showing the mi- tested with the weld metal at the point 
crostructures in the butt-welded speci- of maximum bending. 

___ COARSENED_ REFINED 


ZONE ZONE 


WITH E12015 


REFINED Aim As_ 


XYGEN~CUT SPECIMEN, 
INITIAL. PLATE TEMP 70 F 


GAS~CUT EDGE 
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£ 
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Fig. 11 Panoramas showing microstructures in a butt-welded specimen and in an oxygen-cut specimen—'/.-in. “T-1" steel 
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RADIUS NOW REQUIRED RADIUS SUGGESTED 
TENSILE PROPERTIES OF WELD METAL 
ELEC- CONDITION YIELD TENSILE ELONG REDUCT 
TRODE OF POINT STRENGTH IN 2" 
TYPE DEPOSIT PS! PS! % AREA % 

THEORETICAL ELONG THEORETICAL ELONG 
OF EXTREME FIBER AS OF EXTREME FIBER 
E60!10 WELDED 61,300 69,500 26.3 47.9 

20 % 13.05 % 
FAILURE 
‘ule 


AS 


‘J wer pep 300 129,200 20.5 


age 88,800 95,700 16.3 

| 

®% YIELD STRENGTH (0.2 % OFF-SET) 


Fig. 12 Suggested change in guided-bend test 


It may be noted in Fig. 12 that speci at the extreme fiber of the specimen is 26.30). Since this value for mild 
mens welded with high-strength ele This value is nearly equal to the tensile stee] weld metal is considerably larger 
trodes do not always pass the bend test elongation value for £12015 weld meta! than the 20°, elongation demanded 
when the standard */,in. radius man- and less than the value for E9015 weld by the */¢in. radius mandrel, no diffi- 
drel is used. This size mandrel de metal, as deposited. A typical tensile culty is experienced in’ passing the 
mands a theoretical elongation of 20° elongation value for E6010 weld meta! standard guided-bend test using speci- 

RAD 
i t RANEF 
t 
4 XI" BACKING STRIP DISCARE W 
ree 


© GUIDED - FACE- BEND SPECIMEN 
MAX ON CORNER‘ MAX RON CORNERS 
5 
ca 
A 
DISCARD \ | 5 
‘ 
BACKIN TRIP Ly BACKING STRIP 
4 T STEEL ROO OPENING T TEE PE NIN 
MACHINED FLUSH MACHINED F 4 
GUIDED - ROOT~- BEND SPECIMEN GUIDEO-SIDE-BEND SPECIMEN 


Fig. 13 Details of guided-bend specimens 
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” NGITUDINAL SECTION OF UNDERBEAD CRAC 
WELO BEAD DEPOSITED WITH DIA ELECTRODE BEAD KING 
AT 100 AMPERES, 25 VOLTS AND 160 INCHES PER 
MINUTE TRAVEL SPEEO 


. 
E6010 WELD METAL 


THICKNESS 
we WELD BEAD LENGTH, 
CRAL ST 
CRACKING | | 
| 
a< 
9 4 <=: 
FROM NO 240 
CLOTH 
é 
, 
\ PICRAL ETCH x 500 


PICRAL ETCH 


UNDERBEAD CRACKING 
WHEN CELLULOSE -TYPE 
ELECTRODES ARE USED 


\ NO UNDERBEAD CRACKING 
WHEN LOW - HYDROGEN - TYPE 
ELECTRODES ARE USED 


ViEW OF SECTION APTER 
MAGNETIC PARTICLE INSPECTION 


Fig. 15 Effect of electrode type on underbead cracking 


Fig. 14 Typical underbead cracking specimen of “T-1" 
in '/s-in, “T-1" steel 


steel welded with E6010 electrode 


mens welded with E6010 electrodes. and at each of two temperatures 0 and show little or no underbead cracking 


It is suggested that joints welded with 
high-strength electrodes or 
higher) be tested in a guided-bend jig 
having a mandrel radius of 1'/,in. Such 
a size mandrel demands a theoretical 
elongation of 13.05% in the test speci- 
men and, in the case of weld metal having 
a minimum tensile elongation of 18% 
in 2in., provides the same ratio between 
weld-metal tensile elongation and theo- 
retical bend elongation as obtained from 
6010 welded joints tested with a */ in. 
radius mandrel, It may be noted in 
Fig. 12 that all specimens bent with the 
large mandrel passed the qualification 
test. 


Underbead Cracking 

Underbead cracking tests were made 
on '/»in-thick plates of quenched and 
tempered ‘“T-1"' steel from the pressure- 
vessel-test heat to determine the sus- 
ceptibility of the steel to cracking during 
welding. For this test, bead-cracking 


70° F, using E9015 and £12015 elee- 
trodes. These temperatures are those 
of the specimens before welding and of 
the bath in which the specimens are 
partially immersed during and after 
welding. The specimen preparation 
and examination were the same as de- 
scribed previously.?- The cracking-test 
results are shown in Table 11. It will 
be seen for the specimens welded with 
the E6010 (cellulose covered) electrodes 
that a great amount of cracking occurs 
when the initial plate temperature is 
70° F and a lesser amount occurs with 
plate temperatures of 0 and 212° F. 
However, all specimens welded with 
low-hydrogen (lime covered) electrodes 


Accordingly, it is suggested that only 
low-hydrogen-type electrodes be used 
for the weiding of stee! 

Typical photomicrographs showing 
the effect of electrode type on the sus- 
ceptibility of “T-1" steel to underbead 
cracking in the coarsened heat-affected 
zone are given in Fig. 15. It will be 
seen in Fig. 16 that the peek hardness 
obtaining in the coarsened zone was 
about 420 (DPH). This hardness is 
unaffected by changes in type of 
electrode. 


Notch Toughness 
Throughout the development of ““T-1"’ 
steel, the emphasis has been on tough- 


_AONGITUDINAL SECTION OF 
UNDERBEAD~- CRACKING SPECIMEN 
WELDED AT 70 F WITH (/6-IN DIA 
€12015 ELECTRODE 


specimens, as shown in Fig. 14, were 
made at each of three temperatures 0, 
70 and 212° F, using E6010 electrodes; 


PLATE SURFACE 


LOCATION OF \ 
BEFORE WELDING 


4 


£12018 
WELD METAL 


Table 11—Susceptibility of '/»-In.- 
Thick "'T-1"' Steel to Underbead Crack- 
ing (Heat 741236) 


Percent of Underbead 
Cracking* 
Initial =E12015 E9016 


plate (cel- (low- (low- 
temp, lulose hydrogen hydrogen 
“7 type) type) type) 
0 23 3 0 
70 0 HARDNESS (DPH) 
212 10 


Fig. 16 Results of hardness studies on an underbead cracking specimen—' /.-in. 
"T-1" steel 


* Average of five tests 
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hess That 
toughness is achieved in the steel was 
demonstrated by the Charpy 
data in Table 3 and Fig. 2. 
The effect of welding on the notch 
toughness of the steel was determined 
by Kinzel-type 
unwelded 
quenched and tempered condition. De- 
tails of the welded plate specimen are 
The unwelded speci- 


good low-temperature 


impact 


notch-bend tests on 


welded and plate in the 


shown in Fig. 17 
mens were identical to the welded, ex- 
cept for the omission of the weld. The 
plate temperature prior to welding was 
70° F, and after welding, the specimens 
were aged at 50-S0° F for a minimum 
of three weeks 
of about 25, were then bent at various 


The specimens, in sets 


temperatures with the weld bead in 
tension as shown in Fig. 17. In general 
three specimens were tested at each 
temperature The low-temperature 
bend testing equipment was the same us 
A bath of Freon 


1] and drv ice was used to obtain tem- 


described prey ously 


peratures from room temperature to 
100° Test temperatures 
100° F were obtained with a bath of 

Freon 12 cooled with liquid nitrogen 


below 


The following information was de 
termined for each specimen tested 
|. Total 
and angle of bend at maximum 
load. Obtained from deflec 
tion-angle curve 


maximum) angle of bend 


Percent lateral contraction at a 
point '/y in. below the base of 
the notch. Obtained by cali- 
pering the width of the speci- 
men before and after testing. 

Total absorbed. Ob 
tained by planimetering load- 
deflection curve 

Fracture mode expressed as per 

Obtained by ob- 

servation of fracture 


energy 


cent shear 


The data obtained were plotted on the 
basis of testing temperature, and enve 
lopes were drawn around the plotted 
points to indicate the amount of scatter 
-in -thick cross-rolled 


The curves for 
“T-1" steel welded with 12015 
The data 
are for specimens taken longitudinal to 


trodes are shown in Fig. 18 


the final rolling direction of the plate 

In a previous paper? on “T-1"' steel 
lateral contraction at the customary 
level of one percent was used as the basis 
for selecting ductilitv-transition tem 
per iture by the Kinzel-ty pe notch-bend 
test. This level has been used exten 
sively by investigators when presenting 
comparable data for other steels.‘ The 
temperature at the one percent con 
traction level was selected at that time 
as the ductility-transition temperature 
because it corresponded to the middle 
of the temperature range in which all 
manifestations of ductility drop rapid! 
to an extremely low value 

Figure 19 shows four lateral con- 


SEPTEMBER 1955 


Tor ofr 
BEAO WELD 


BEAD WELD 


DETAIL OF NOTCH ~ENLARGED SECTION A-~-A 


WELD METAL 


HEAT AFFECTED 
ZONE 
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WELDING CONDITIONS 


ELECTRODE DIAMETER 
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VOL TAGE 
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Fig. 17 Details of Kinzel-type notch-bend specimen and of testing jig 


traction curves for '/,in.-thick “T-1 
steel welded with E12015 electrodes 
The upper curves in Fig. 19 are for 
taken from 
74L236. The lower 
curves are for specimens taken from 


specimens “eross-rolled’ 


plate from heat 


straightaway-rolled” plate from the 
sume heat Longitudinal specimens 
and transverse specimens were tested 
from each type of plate. It may be 
noted for the data obtained from the 
transverse specimens that the one pet 
cent contraction level is considerably 
above the middle of the range in which 
the contraction drops rapidly to a low 
value. Thus, the one percent level is 
not a consistently suitable criterion for 
the selection of the ductility-transition 


1/2-!INCH-THICK CROSS-ROLLED 


temperature by the Kinzel test. This 
fact has not been evident from published 
data on the Kinzel test because data 
have been presented only for specimens 
taken longitudinal to the rolling direction 
of the plates studied 

To determine ductility-transition tem- 
peratures, the middle of the tempera- 
ture range in which the total angle of 
bend drops rapidly to a low value was 
This is the temperature at the 
middie of the “seatter band” in the angle 
of bend curve in Fig. 18. It will be seen 
in Fig. 20 for cross-rolled plate that 
the ductility-transition temperature, re- 


chosen 


gardiess of specimen onentation, corre- 
sponds to the temperature at which prac- 


tically the last vestige of ductility de- 
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Fig. 18 Measurements and transition-temperature-selection criteria in Kinzel- 
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parts and completely brittle failure is 

The fracture-appearance-transition 
temperature was also determined. This 
transition temperature as used here is 
the temperature at which 50% of the 
fracture occurs in the shear mode, Le, 
WOY, of the fracture is fibrous A typi- 
cal curve is shown in Fig. 18. 

The results of notch toughness studies 
on '/,in.-thick plate from the pressure- 
vessel-test heat are given in Table 12. 
The table includes data for straight- 
away-rolled plate as well as data for the 
cross-rolled plate that was used in the 
construction of the pressure vessels. 
The transition-temperature values for 
the straightaway-rolled plate agree with 
previously reported “T-1" steel data 
for straightaway-rolled plate from 
another heat.” 

For the Kinzel test, it may be noted 
that the transition-temperature values 
for cross-rolled plate are considerably 
higher than those for the straightaway- 
rolled plate. In the Charpy-keyhole test, 
the ductility-transition-temperature 
values for cross-rolled plate are lower 
than those for straightaway-rolled plate. 
Thus, the Charpy-keyhole test as judged 
by the  ductility-transition values 
rates the plates in a reverse order, 
This reversal does not obtain in the 
cease of the fracture-appearance-transi- 
tion values. In the Charpy V-notch 
test, the ductility-transition-tem- 
perature values are nearly equal and the 
fracture-appearance-transition-tem- 
perature values for the cross-rolled 
plate are considerably higher than those 
for the straightaway-rolled plate 

It may be noted from the Kinzel tests 
that welding raised the ductility-transi- 
tion temperature either a small or a 
moderate amount in three cases (in- 
creases of 26, 12, and 38° F) and 
lowered this same temperature a moder- 
ate amount (21° F) in a fourth case. 
The extent and direction of the effect 
varied with the rolling history of the 
plate and the specimen orientation, A 
stress-relief treatment raised the due- 
tility-transition temperature of welded 
longitudinal specimens from cross-rolled 
plate « small amount (12° F) 

Included in Table 12 are data on drop- 
weight tests and bulge-explosion tests 
on quenched and tempered “T-1L” 
steel plate from the pressure-vessel- 
test heat. The tests were conducted by 
the Naval Research Laboratory and de- 
tails of the methods of conducting these 
two types of ‘‘crack-starter’’ tests have 
been described in the literature.®* 
The drop-weight test is used by NRL to 
establish the temperature at which a 
steel plate loses its ability to develop 
more than a very small amount of de- 
formation in the presence of a crack. 
In the test a 3'/,in. wide by 14-in. 


long plate specimen having a notched, 
brittle, 


hard-surfacing bead weld is 


436-s 


1/2-INCH “T-1" 


STEEL (HEAT 741. 236) 


v3 LONGITUDINAL SPECIMEN zZ TRANSVERSE SPECIMEN 
WELDED WITH £120!5 ELECTRODE WELDED WITH £12015 ELECTRODE 
£ 
os Sos 
4 ’ ? 4 
« 
a a a 
s TESTING TEMPERATURE -F s TESTING TEMPERATURE -F 
CROSS-ROLLED PLATE 
LONGITUDINAL SPECIMEN TRANSVERSE SPECIMEN 
WELDED WITH £12015 ELECTRODE WELDED WITH £12015 ELECTRODE 
a 
w 
20 
4 < os 
or 
TESTING TEMPERATURE -F TESTING TEMPERATURE -F 
STRAIGHT WAY-ROLLED PLATE 


Fig. 19 Effect of type of rolling on lateral contraction in welded Kinzel specimen 


loaded by the impact of a dropping 
weight. A stop is used to limit the total 
deformation to five degrees angle of 
bend. The ductility-transition tem- 
perature by the drop-weight test is the 
highest temperature at which the speci- 
men is unable to withstand the con- 
trolled amount of bending without 
complete fracturing. The  bulge- 
explosion test is used by NRL to es- 
tablish the temperature range of transi- 
tion from easy to difficult propagation of 


fractures (referred to in this paper as the 
“fracture - arrest - transition’’). In the 
test, a 14- by 14-in. plate specimen hav- 
ing a notched, brittle, hard-surfacing 
bead weld is placed over a circular die 
and explosion loaded. The fracture- 
arrest-transition temperature by the 
bulge-explosion test is the middle of the 
temperature range in which the extent of 
plate fracture changes from complete 
fracture to partial fracture. 

It may be noted in Table 12 that the 
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Fig. 20 Effect of welding on ductility-transition temperature by the Kinzel test 
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Fig. 21 Results of hardness studies on a Kinzel specimen—'/,-in. "T-1" steel 


drop-weight test values for cross-rolled 


plate are only slightly higher than those 


for the straightaway-rolled plate. An 


additional observation which can be 


made from the cross rolled-plate data 
in Table 12 is that the fracture-arrest- 


transition temperature by the bulge 
explosion test is nearly equal to the frac 
ture-appearance-transition tempera 
tures by the Kinzel test and by the 
Charpy V-notch test 

It should always be borne in mind 


that at the present time there is no 
absolute correlation between transition 
temperatures as obtained experimen- 
tally with the various types of specimen 
and the service performance of pressure 
vessel steels However, the results ob- 
tained from the same types of tests on 
different steels should be very useful in 
establishing the relative merit of the 
steels 

\ typical hardness survey for a Kin- 
zel-type noteh-bend specimen of '/;-in, 
quenched and tempered “T-1" steel 
welded at 70° F with £12015 electrodes 
is shown in Fig. 21. The survey is 
located on the transverse section at a 
distance of 0.050 in. below the plate 
surface, the same distance as the root of 
the notch in an unsectioned specimen. 
The peak hardness was approximately 
100 (DPH Photomicrographs of the 
weld metal and the coarsened zone 
microstructures are shown in Fig, 22. 


Fatigue Tests 

The fatigue properties of quenched 
and tempered ‘“T-1"’ steel have been 
determined uring polished  rotating- 
beam fatigue specimens,  pulsating- 
tension fatigue specimens and reverse- 


Table 12—Summary of Notch-Toughness Test Data on '/)-In. 'T-1" Steel Plate (Heat No. 747236) 


Test 
‘harpy impact (keyhole notch 
‘harpy impact (keyhole notch 
‘harpy impact (keyhole notch 
‘harpy impact (keyhole notch 
‘harpy Impact (V-notch 
harpy Impact (V-notch 
‘harpy impact (V-notch 
‘harpy impact (V-notch 
Kinzel notch-bend 
Kinzel notch-bend 
Kinzel notch-bend 
Kinzel nots h-bend 
Kinzel noteh-bend 
Kinzel notch bend 
Kinzel notch-bend 
Kinzel notch-bend 
Kinzel notch-bend 


NRL drop weight 
NRL drop-weight 
NRL drop weight 
NRL drop-weight 
NRL bulge ‘ xplosion 


Orientation 

ype of of spec 
Cross rolled Long 
Cross rolled Trans 
Straightaway rolled Long 
Straightaway rolled Trans 
Cross rolled Long 
Cross rolled Trans 
Straightaway rolle Long 
Straightaway rolle Trans 
Cross rolled Long 
( ross rolled I rane 
Straightaway rolle Long 
Straightaway rolle Trans 
Cross rolled Long 
Cross rolled 1 rans 
Straightaway rolle Long 
Straightaway rolle Trans 
Cross rolled Long 


Cross rolled Long 
Cross rolled Trans 
Straightaway rolle Long 
Straightaway rolle Trans 
Cross rolled 


Fracture- 
Duetility 


fransilion 


appearance 
Condition transition 
of ape femp., temp ye 
Unwelded 212 120 
Unwelded 205 11h 
Unwelded 171 ~157 
Unwelded 170 ~ 138 
Unwelded 
Unwelded 1x0) 
Unwelded 178 oo 
Unwelded 
Unwelded Os 
Unwe lded 62 
Unwelded 40 
Unweldee 
Welded t 42 
Welded t 
Welded t 
Welded t 112 
Welded and 40 

stress 

reheved} 
Welded§ 
Welded§ 
Welded§ 
Welded§ 
Welded§ 


* Notes on Selection of Transition Tempe ri 


Teast 
Charpy Impact keyhole notch 
Charpy impact (V-notch 
Kinzel notch-bend 
NRL drop-weight 
NRL bulge-explosion 
t £12015 electrodes 
t £9015 electrodes; Stress relieved at 


§ Hard facing electrodes 


Middl of band 
10 ft-lb HOY shear 
Middle of band 


Total failure at 5° angle 


ture 


Fracture 1 ppearance 


Ductility-transition transition lemp 
temp. at selected at 


shear 


shear 


Failure across plate 


1100° F for 1 br 


** 


** Fracture-arrest-transition temperature rather than frac ture-appearance-transition temperature 


SEPTEMBER 1955 


Doty-—Pressure Vessel Steel Properties 


0.080" 
4 
ate. 
| 
METAL | 
mil = 
1.0 10 
437-8 


bending fatigue specimens. The re- 
TRANSVERSE SECTION OF KINZEL~TYPE NOTCH ~ BEND sults from the polished rotating beam 
SPECIMEN WELDED AT 70 F WITH E12015 ELECTRODE specimens are given in Fig. 23. The 
endurance limit of 67,000 psi, a value 
which is about 57% of the tensile 
. strength of the material tested, is im- 
4 portant only for comparison with 

< similar data for other steels. 
a The pulsating-tension fatigue tests 
Lin and the reverse-bending fatigue tests 
were made on welded and unwelded 
plate, '/,in. thick, from the pressure- 
vessel-test heat Details of the welded 
specimens having the reinforcements 
ay tan in place are shown in Fig. 24. The un- 
welded specimens were identical to the 


F Pag: welded, except for the omission of the 
3% stress-relieved specimens were studied 
also. In addition, a limited number of 
: Fi we, BOND-» reverse-hending fatigue teste were made 
yah on welded specimens similar to the bend- 
ing-fatigue specimen shown in Fig. 24, 
; taba except for removal of the weld reinforce- 
ments. The types and various condi- 
, tions of welded and unwelded plate 
" specimens used in the fatigue studies are 
summarized in Table 13. The in- 
. tensity of peening used for the shot- 
peened specimens was measured by 
PICRAL ETCH x500 PICRAL ETCH x500 means of an Almen gage and an “‘Almen 
£12015 WELD METAL COARSENED ZONE C”’ test strip. The deflection of the test 
' alae strip was taken as a measure of the in- 
= Fig. 22 Microstructure of weld metal and of coarsened zone of Kinzel specimen tensity of peening. The conditions used 
a —'f-in. "T-1" steel are given at the bottom of Table 13. 
; Table 13—Types and Conditions of Fatigue Specimens Prepared from '/,-In. "T-1" Steel Plate (Heat No. 741236) 
Condition of specimen 
Type of Reinforce- 
specimen Welding ment Stress relief Peening Surface 
Pulsating tension None None No Original surface complete 
with mill and heat- 
treating scale 
Pulsating tension None In place None Yes* Original surface, as-peened 
Pulsating tension 12015 welded In place None No Original surface, as-welded 
Pulsating tension 12015 welded In place None Yes* Original surface, welded 
and peened 
Pulsating tension hOOLS welded In place 1100° F for 1 br No Original surface, welded 
7 and heat treated 
% Pulsating tension hOOLS welded In place 1100° F for 1 he Yes* Original surface, welded 
heat treated and peened 
Reverse bending None None No Original surface complete 
with mill scale and heat- 
treating scale ‘ . 
* Reverse bending None None No Ground with surface 
grinder 
Reverse bending None 1100° F for 1 her No Original surface, heat 
treated 
Reverse bending 112015 welded In place None No Original surface, as-welded 
- Reverse bending 112015 welded Removed None No Ground with No. 240 grit 
emery-cloth-drum 
sander 
Reverse bending L0OLS welded In place 1100° F for 1 he No Original surface, welded 
and heat treated 
Reverse bending hOOLS welded Removed 1100° F for 1 he No Ground with No. 240 grit 


emery-cloth-drum 
sander, heat treated 


Tee hnique: 
Shot-—No. 54 cut wire (SAK 1065 MB wire, 0.054 in. diam, 0.054 in. long 


Air pressure OO) psi 

Nozzle from work 18 in 

Dwell (exposure 24 min /sq-ft 
Almen gage deflection 0.010 to 0.012 in 
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. 23 Results of polished rotating-be 


am fatigue tests on ''T-1”" stee! 


UNWELDED 


WELDED 


Fig. 25 Results of pulsating-tension fatigue tests on ''T-1"" steel 


10 


| 


OF BEC TION 4-4 


Fig. 24 Details of butt-welded fatigue 
specimens 


Phe 


were 


tests 
of 


capacity, 


pulsating-tension fatigue 
performed at the University 
[llimois in the 200, 000-1b 
Wilson lever-type fatigue testing ma- 
Harris, Nordmark 

The machines ran at 
167 The reverse- 
bending tatizue tests were performed at 
the Applied Research Laboratory, 
United States Steel Corp., in a Ray- 
flex re fatigue testing 
machine. These specimens were flexed 
ata rate of S500 epm 


ribed by 
Newmark 
pat ad oft 


ck 
and 
epm 


The results of the pulsating-tension 
fatigue tests and the reverse-bending 

gue tests are summarized in Table 
fatigue 
curves are shown in Fig, 26, Fatigue 
strenyths were selected at the endurance 
limit, as | done, and at 
100,000 « latter criterion 
hisas Dolan*® to be 
significant vessel steels 
called 
upon to endure cyclic loads more than 
100,000 times. The loading is generally 
rather than reverse- 
the remarks to 
will be confined to the pulsating- 
tension-fatigue-strength values selected 
at 100,000 The for 
welded except for 
relieved shot 


cal pulsating-tension 


customarily 
This 
by 


cles 
been suggested 
lor pressure 


since few pressure vessels are 


pulsating-tension 


bending Therefore, 


follo \ 


values 
those 


cycles 
Spee 
and 


ecimens stress 


Type of 
loading 
Pulsating tension 
Pulsating tension 
Pulsating tension 
Pulsating 


Pulsating 


tension 
tension 
Pulsating tension 
Reverse bending 
Reverse bending 
bending 
Reverse bending 
teverse hending 


Re 


Reverse bending 
teverse bending 


Table 14—Summary of Fatigue Data for Steel ('/,-In. Plate, Heat No. 741236) 


Welding 
None 
Nome 
12015 welded 
12015 welded 
welded 
welded 
None 
None 
None 
12015 welded 
12015 welded 
KO015 welded 
welded 


Condition of specimen 
hee iniorce 


ment 


Nome 
None 
Nom 
None 
1100 
1100 
None 
None 
1100 
None 
None 
1100 
1100° | 


In pl: 
In pl 
In pl 
In pl 


In place 
temoved 


Ir place 


Re moved 


Fatigue strength, pai 
1/ 
100000 
cycles 
000 


Othe 
freatment 
None 
Peened 84, 000 
None 50,000 
Peened 15%, 000 
None 14,000 
Peened 64,000 
54,000 
67,000 
5, 000 
, 000 
,000 


endurance 
limil 


50, 000 
45,000 
21,000 
28, 000 
26, 000 
37,000 
36, 000 
45,000 
40,000 
14,000 
28 , 000 
16,000 
27 , 000 


76, 


Nom 
Polished 
None 
None 
None 
None 
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peened, are low. The fatigue test re- 
sults indicate that the performance of a 
highly stressed ‘“T-1" steel pressure 4700 PS! 
vessel subject to fatigue might be im- 


proved by the use of a combination of — ati 
18,470 PS 
stress relieving and shot peening follow- 
ing weldin It has been shown many Zé 


650 PS 
times that removal of weld reinforce- Cons PRESS COMPRESSION 


ments raises fatigue strength a very 


significant amount; this is confirmed by 
the improvement in the performance of 
the specimens subjected to reverse bend- 


ing 3,420 
4 TENSION 


In connection with the above remarks y 
on fatigue, it should be remembered that 
few pressure vessel failures have been 
attributable to fatigue.” This obser- 
vation is reasonable since the number of - a6" - ; 9 
loading cycles sustained by many pres- Fig. 26 Residual stresses in '/,-in. thick plate of T-1" steel—unwelded 
sure vessels during their normal life can 
usually be counted in the thousands and 
fatigue would not be expected to be a 
problem with such vessels 


Residual Stress weio 


t INCH THICK PLATE 


Residual-stress measurements were 
made on a 36- by 36-in. unwelded plate § 
and on a 24- by 4&-in. butt-welded 
plate, both '/,in.-thick steel 
from the pressure-vessel-test heat. The 
butt joint along the longitudinal axis of 
the plate was welded at 70° F with 
E12015 electrodes. Neither the un- 
welded plate nor the welded plate was 
stress relieved. The residual stresses 
were determined by trepanning plugs 
containing resistance strain gages from 
three locations in the unwelded plate 
and from six locations in the welded 
plate. The highest measured stress 
f in the unwelded plate was 15,470 psi com- 
pression, a8 shown in Fig. 26. The 
measured stresses in the welded plate 


=i 


MEASURED STRESS OF 
OF PLATE 


MAXIMUM MEASURED STRESS - THOUSANDS OF 5 


TENSION 


c 
| 


are given in Figs 27 and 28. The DISTANCE FROM CENTER LINE OF WELD ~ INCHES 


maximum measured stress in the weld- Fig. 27 Residual stresses parallel to E12015 weld in '/.-in. "T-1" steel 
ment was 78,000 psi tension parallel to 
the weld at the weld center line, as 
shown in Fig. 27. At a distance ap- 
proximately in. on each side of the 

center line the stress parallel to the weld 
changed from tension to compression. 

The residual stresses transverse to the 1 TER — 
weld were low, as often obtains trans- f q y 3 : 
verse to welds in other steels : 

The practical significance of residual 

stresses approaching the 0.2% offset 
vield strength of ““T-1"' steel is discussed 
in a companion paper by Bibber.' It 
suffices to say at this time that residual 
stresses could affect the operation of a 
pressure vessel (1) when stress corrosion 
is of concern, (2) when precision machin- 
ing is required and (3) when the welded 
vessel at its lowest operating tempera- 
ture has insufficient ductility to endure 
local redistribution of stress In the 
case of “T-1" steel, tests have shown 


sorrow sice 


= 
« 


_MEASURED STRESS ON 
TOP SIDE OF PLATE 


MEASURED STRESS ON 
{BOTTOM SIDE OF PLATE 


T 


~ 


+ 


that suitably designed and fabricated 
full-seale pressure vessels, welded and 


not stress relieved, are capable of en- + + + + 


DISTANCE FROM CENTER LINE OF WELD - INCHES 


during high pressures and severe im- 
pact at vessel temperatures approaching Fig. 28 Residual stresses transverse to 2015 weld in '/.-in. “T-1" steel 
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GAS ENTAY~_ 


SECTION OF 
OXYGEN -CUT 
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TEMP TOF) 


< 


a 


SURVEY A 


OXYGEN CUT EDGE 
500; 
COARSENED ZONE 


REFINED 
ad A, -Ay ZONES 


SURVEY B 


OXYGEN CUT EDGE 
COARSENED ZONE 

@ BASE METAL 
REFINED ANO 
A,~Ay ZONES 


0.3 04 


08 


02 


DISTANCE FROM OXYGEN CUT EDGE — INCHES 


Fig. 29 Results of hardness studies on oxygen-cut specimen—'/,-in. “T-] 


stress- 


that of 


50° F. The 


relieved vessels was the same as 


performance ol 


the unstress-relieved vessels 


Gas Cutting 

The results of hardness studies on an 
oxygen-cut '/in.-thiek 
quenched and tempered “T-1L”’ steel are 


specimen ol 


The plate tempera- 
cutting was 70° F. It 
that the heat-affected 


zone is approximately twice as extensive 


shown in Fig. 29 
ture pnor to 
may be noted 
at the gas entry side of the plate as at 
the midthickness. This effect 
caused by the impingement of the hot 
gases on the entry side of the plate 
The peak hardness near this side (Sur 
A) was 410 (DPH), and the micro- 
having this 

martensite, <A 


wits 


ver 
structure hardness was 
nearly all panorama 
showing microstructures in the gas-cut 
specimen was given previously in Fig 
11. Previously published data? 
excellent bend-test 
mens gas-cut at 70° F, 
-98° F, 
hardness resulting from gas cutting of 


show 
results for 
tested at 
thus demonstrating that 


spec 
and 
high 


steel 


stee! 
preclude performance 
as-rolled “T-1"’ steel 


plate is not recommended 


quenched and tempered ‘“T-1” 
not 


utting of 


does rood 


Summary 
The test results described herein have 
shown that and tempered 
T-1" steel in the plate thickness range 
pressure 


quenched 


common. tor vessel construc 
tion possesses a unique combination of 


properties and characteristics, namely 


l Yield strength of at least 90,000 
psi 
Crood 

toughness 
Ability to be welded without pre 
heat or postheat, provided low 


low-temperature notch 


hydrogen type electrodes are 
and still 


as judged by notch-bend tests 


used remain tough 


ut low temperatures 


Low susceptibility to straining 


and to strain aging 
Uniformity of longitudinal tensile 
transverse tensile 


and proper 


ties 


(bility to be gas cut without pre- 
heat or postheat and. still be 
deformed appreciably at low 


temperatures, 


The fatigue strength (pulsating ten- 
sion at 100,000 eveles) of welded ‘“T-1” 
However, the fatigue 
th can be improved by a combina- 
tion of relieving and peening and 
ilso by removal of weld reinforcements 


steel is low 
streng 


tress 
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DESIGN OF WELDED PRESSURE VESSELS 
USING QUENCHED AND TEMPERED STEEL 


Allowable working stresses, design of appurtenances, welding 


in so far as il affects design, and use of 


material in conjunction with other engineering materials 


are the main issues covered in this paper 


BY LEONARD P. ZICK 


SYNOPSIS. Nine welded pressure ves- 
sels made of T-1 steel, a quenched and 
tempered material, were tested to destruc- 
tion. These tests dramatically indicated 
the strength and toughness of this mate- 
rial under both static and impact loads at 
low temperature and at stresses consider- 
ably above the ultimate strength of most 
materials now listed in the Codes. These 
tests raise new and shed light on many 
old controversial issues pertaining to the 
design of pressure vessels 

Although one particular steel was used 
in the tests, many of the issues discussed 
apply more broadly to notch tough steels 
having high yield and ultimate strengths 
and high yield to ultimate strength ratios 
such as those being studied by the Pressure 
Vessel! Research Committee Kconomic 
considerations suggest the utilization of 
the greater elastic strength by permitting 
allowable design streases greater than one- 
fourth of the ultimate strength 

The use of material having a minimum 
vield strength of 90,000 psi suggests design 
stresses greater than the yield of some 
carbon steels This use therefore requires 
new thinking Refinements of design 
details such as connections, junctions and 
attachments and increased inspection rule 
requirements may well be justified 


Introduction 

The ASME Boiler and Pressure Ves- 
sel Code Committee first recognized the 
use of quenched and tempered high- 
strength steel by adopting in 1951 Code 
Case #1134. This Code Case permits 
the construction of small (5 cu ft maxi- 
mum) seamless steel vessels at a work- 
ing stress of 30,000) psi which is one- 
fourth of the minimum tensile strength 
of the material specified. This Code 
Case further requires streamlining the 
vessel (eliminating all possible stress 
raisers) and prohibits welding 

A new high-strength 
quenched and tempered steel was also 
first reported in 1951." Since that time a 
of development 


weldable 


considerable amount 


Leonard P. Zick in Research Engineer, Chicago 
Hridge & Iron Co., Chicago 


Presented at 1955 AWS National Spring Meeting 
held in Kansas City, Mo., June 7 10, 1055 


work and testing has been done on this 
new material. This work is to be re- 
ported more fully in companion papers 
by W. D. Doty? and L. C. Bibber.* 

To insure the suitability of — this 
quenched and tempered material for 
use in welded pressure vessels, a series 
of tests* to destruction was carried out 
on nine full-size vessels of '/:-in.-thick 
high-strength quenched and tempered 
alloy steel. This testing and experience, 
which form a background for this paper, 
have been, to a large extent, based on 
one high-strength quenched and tem- 
constructional 
throughout 


pered steel called ‘“T-1 
alloy steel”.¢ Therefore 
the paper reference will be made simply 
to T-1 steel; however, of the 
comments will apply to high-strength 
notch tough steels in general. 

The Pressure Vessel Research Com- 
mittee (PVRC) of the Welding Re- 
search Council (WRC), over the past 
few years, has sponsored extensive in- 


vestigations of six selected high-strength 
steels* suitable for 
Two of these steels were quenched and 
tempered material | in. thick and each 
had a minimum specified yield of 90,000 


pressure vessels. 


* These tests, known as “Operation T-1 were 
conducted jointly by the U. 8S. Steel Corp., and 
the Chieago Bridge & Iron Co. at the latter's 
plant in Birmingham, Ala 

1 A patented product of the 


Steel Corp 


20-1’ OVERALL LENGTH OUTSIDE HEADS 


SPECIAL 16° FORGED MANHOLE NOZZLE & COVER _— 


psi. PVRC has recently instigated a 
continuing program on heavy sections 
of three of the originally selected high- 
strength steels. The steels which will 
be further tested in 4-in. thickness are 
A-302 steel having a minimum specified 
vield of 50,000 psi, Navy “G’’ steel 
having a minimum specified yield of 
70,000 psi and T-1 steel having a mini- 
mum specified yield of 90,000 psi 

In all PVRC 


A-201 steel was also studied as a basis of 


these investigations 
COMparison, 

The laboratory tests sponsored by 
PVRC and full-size test to destruction 
of T-1 material attest to its weldability, 
exceptional notch toughness and high 
tensile properties. 


Test Results of T-1 Vessels 

Nine vessels were tested to destruc- 
tion. Kight of these vessels had in- 
serted type nozzles made from forged 
T-1 steel, 
these vessels are shown in Fig 

After completing the regular series of 
tests it was decided to test the built-up 
type of reinforced opening. A ninth 
vessel was fabricated from the unfailed 
halves of two 
Identical built-up nozzles were installed 
one in each half. One half (5A) was 
welded with E9015 electrodes and stress 


The general proportions of 
! 


original test vessels 


TEAR IN VESSEL NO. 3 


CAPACITY 1,755 GALS 


WEIGHT 6,300, Lis 


TEAR IN VESSEL NO. I~ 


Burst test vessels: 
Drop test vessels: 


Fig. 1 


Zick 


Pressure Vessel Design 


to © SPECIAL 3° TO 2° FORGED REDUCER NOZZLE 


P! and No. | as welded; P3 and No. 3 stress relieved. 
P2 and No. 2 as welded; P4 and No. 4 stress relieved. 


T-1 test vessels with inserted forged nozzles 
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OVERALL LENGTH OUTSIDE HEADS 
16"? BUILT UP NOZZLES | 
DOUBLER PLATES CUT 


FROM FAILED VESSELS 


E-12015 CLOSING 2-9" 
SEAM 


70" 
5A MADE FROM VESSEL P3 


~~ SPECIAL 3” TO 2” FORGED REDUCER NOZZLE 


58 MADE FROM VESSEL PI 


WELDED WITH E-9015 ELECTRODES ——-~|-— WELDED WITH E-12015 ELECTRODES 


STRESS RELIEVED 


NOT STRESS RELIEVED 


Fig.2 T-1 test vessel No. 5 with built-up nozzles 


The other half 
5B) was welded with 12015 electrodes 


relieved after welding 


and was then welded to the stress 
relieved half-vessel with the same ele: 
trode. The details of the additional 
vessel (Nos. 5A and B) are shown in 
Fig. 2 

Four of the original eight vessels and 
the additional vessel with the built-up 
nozzles were tested by a hydrostati 
burst test at 
Figure 3 shows a typical burst test setup 


subzero temperatures 


Vessel No. 5 is shown covered with frost 
after being refrigerated to 
Internal pressure was applied to each of 
the five vessels until they burst. Fail 
ure occurred as a ductile tear in ea h 
failed b 
tearing almost the entire length of the 
main longitudinal butt weld This 
failure in Vessel No. 5 is shown in Fig 


case but the locations varied 


vessels 


the stress-relieved 


4. The general locations of the other 
The re 
sults of these tests are summarized in 
Table | 


The other four vessels were tested bn 


tears are indicated in Fig. | 


a unique method of drop tests The 
vessel was first refrigerated to subzero 
temperatures and then the internal 
pressure was raised until the round- 


about stress in the evlindrical shell of 


the vessel was near the yield strength 
90,000 psi 
weight on the center of the vessel, the 


By dropping 13-ton 


Fig.3  T-1 test vessel No. 5 ready for burst test at —-47° F 
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internal pressure was instantaneously 
raised to pressures considerably higher 
than those required to fail the vessel 
under static conditions 

At least three drops were made on 
These were successive 
drops from 52 ft, then 73 ft and finally 
1O1 ft 
after successive drops from 52 ft and 


each test vessel 
Figure 5 shows « typical vessel 


72 ft heights without rupture 

The cross section at the center under 
the impact of the weight was actually 
reduced: however, the evlindrical shell 
on either side was stretched plastically 
by the resulting pressure wave without 


rupture. After the impact, the internal 


pressure was reduced substantially be- 
cause of the increase in volume of the 
vessel 

The increase in girth without rup- 
ture in the region of the fittings and 
longitudinal welds exceeded that which 
caused failure under statie conditions, 
Although discontinuities were held to a 
minimum in the design of these vessels, 
each failure in the burst tests started 
adjacent to a fitting or a weld, There- 
fore, the drop tests indicated that im- 
pact loads causing above-ultimate static 
stress levels at subzero temperature did 
not cause premature failure in’ these 
vessels 

The internal pressures for various 
summarized in Table 2. 
Failure was finally caused in the shell 
adjacent to the center circumferential 
weld. The combined longitudinal stress 
due to internal pressure plus the longi- 


drops are 


tudinal bending stress caused by the 
impact, was finally great enough to 
cause a shear failure to start at the bot- 
tom center point of the vessel and to 
continue until the vessel was torn into 
halves 

Figure 6 shows a longitudinal view of 
r-1 shell under the striking 
saddle after the drop from a height of 
101 ft. It is significant that after each 
impact the circumferential stress was 
hydrostatically raised to the yield 
strength and the longitudinal stress to 


the in 


Table 1—Results of Burst Tests of T-] Vessels 


Vol stress relieved 
E12015 electrode 
Vessel No PI No. 1 
Pressure (psi) 2,740 2,850 
at farlure 
Nominal 131,600 16, 800) 


stress at 
failure ps 
Shell near 


Location of Shell near 


Stress relieved 
electrode 


PS No.3 No. 5A* 
2,000 2,850 2,770 

120, 200) 136,800 134,000 
Shell nes: Long. seam Long. seam 


failure 16-in. noz 3-in. noz I6-in. nox in shell in shell 
PAL PAL ule 
Type ol 100%, 45 100%, 45 100%, AS Over 05%, Over 
failure shear shear shear 15° shear 15° shear 
Max. 1n- Sin in in in 14/, an, 
erense 
girth 
* As-welded half of vessel marked 518 withstood this pressure without failure, 


Fig. 4 Failure in the stress-relieved (E9015 weld) portion 


of vessel No. 5 at 2770 psi internal pressure 
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half this amount or 45,000 psi The 
distortion was caused by the combined 
effect of local bending due to the pres- 
sure of the impact at the edge of the 
striking saddle combined with axial 
compressive stresses due to the longi- 
tudinal bending of the vessel at impact. 


Vessel Experience 

A number of pressure vessels of T-1 
material have been fabricated and more 
are contemplated 
been built under conditions 
which did not require a Code stamp. 

One of these vessels was a 9 ft 2*/,-in. 
4/-in, T-1 


This vessel has been used 


These vessels have 
special 


diameter sphere made of 
steel plate 
as a testing machine to test some fifty 
disks of structural steel each about 
22 in. in diameter. brine refrig- 
erated to 0° F is used to hydrostatically 
test each disk to failure. The failure 
is usually triggered by a purposely made 
flaw such as a weld crack across the 
center of the disk. The brittle character 
of the failure stops at the weld between 
the disk and the T-1 sphere. If the 
tear carries acroes the weld it changes 
to « ductile failure and stops in a matter 
of inches, The failed disk is removed 
by torch cutting. Any crack in the 
T-1 sphere is repaired and a new disk is 
welded in place from the outside only 
without a back-up bar. 
Pressures as high as 1400 psi, which 
represents a stress of over 50,000 psi in 
the T-1 sphere, have been used to fail 
the disks. Some of the disks have been 
cycled as many as 1000 times at near 
failure; 
failure has then been instigated by a 


erttical stress levels without 
higher static load 
The National Advisory 


for Aeronautics has purchased a num- 


Committee 


ber of shop-built T-1 vessels and has on 
order at least one larger field erected 
vessel, One of these vessels wes 10 ft in 
diameter by 51 ft tangent length. The 
thick and 


were 


evlindrical shell was 1! /-in 
the hemispherical ends 
thick The design was based upon the 


NACA Spec ifications which required 


Table 2—Results of Drop Test on T-1 Vessels 


Energy im 
millions of 


Vessel No P2 
(Temp. of vessel) 
Before 24-ft drop 1800) 
After 24-ft drop 1560 
Before 52-ft drop 1560 
Max at impact ° 
After 52-ft drop 1070 
Before 73-ft drop 1070 
Max at impact 
After 73-ft drop 780 
Before 101-ft drop 780 
Max at impact y ° 


After 1O1-ft drop Failure 


Not stress-relieved 
ft-lb E12015 electrode 


(—39° F 


Internal pressure in pst 

Stress relveved 
E9016 electrode 
2 P4 4 
(—33° F) (—34° F) (—41° 


1875 1880) 
2800 2910 
1230 t 1320 
1860 ISSO) 1860 
$200 ° 3200 
1090 1040 1060 
1875 1820 1890 
3300 3500 
Failure Failure Failure 


* Not measured 
t Pressure gage line broke off 


maximum design stress of 40% of the 
yield. The vessel was fully X-rayed, 
therefore a 90% joint efficiency was 
used giving a working stress of 40% x 
9,000 * 90% $2,400 psi. This 
vessel had fittings of the built-up type; 
however, special precautions were taken 
as will be discussed later 

In Cologne, Germany, a sphere 110.7 
ft (33.75 meters) in diameter has been 
built for the storage of natural gas at 
about 6 atmospheres. The 1.18-in. 
(30 mm) shell is of HSB50 German 
steel which has a yield strength of over 
50,000 psi and an ultimate strength of 
over 70,000 psi. 

Similar gas spheres are contemplated 
for another foreign country. These 
spheres will be 110 ft 6 in. in diameter 
and of 0.73 in.-T-1 steel plates. The 
design basis is the same as that specified 
by the NACA. However, in this case 
the fittings will be of the insert type. 


Code Design Stresses 

The Unfired Pressure Vessel Code, 
Section VIII of the ASME Boiler and 
Pressure Vessel Code, has appendices 
which cover the approval of new mate- 
rials and set the basis for establishing 


Drop test vessel after impacts without rupture 


stress values for both ferrous and non- 
Figure 7 
comparison of working stress and yield 
ultimate 


ferrous materials. shows a 


stress us percentages of the 
strength for various materials for the 
atmospheric temperature 
cept that the last two high-strength 
steels are not as yet Code materials 


range. 


the values are based upon the rules of 
the ASME Unfired Pressure Vesse) 
Code. 

From this it is apparent that for the 
atmospheric temperature 
nonferrous materials utilize design stres- 
ses which are set by the rule which 


range the 


specifies a maximum of two-thirds the 
yield strength of the material since this 
is less than one-fourth of the ultimate 
strength 
less materials are caleulated the same 


Design stresses for the stain- 


by both Code rules; one specifies a max- 
imum of 62'/,% of the yield strength 
and the other specifies # maximum equal 
to one-fourth of the ultimate strength 
The carbon and low-alloy steels have 
their design stresses set by the Code 
rule which specifies a maximum ejual to 
one-quarter of the ultimate strength 
Almost everyone will agree that at 
some point above the yield strength the 


VESSEL 2 


EM00/5 ELECTRODE 
NOT STRESS RELIEVED 


Fig. 6 Typical drop test vessel failure showing distortion 
of '/.-in. shell under striking saddle 
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WELDING RESEARCH SUPPLEMENT 
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YIELD 
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DESIGNATION 
LOW-CARBON NICKEL $B-162 
2S ALUMINUM $B-178-996A 
| 
545 ALUMINUM 5B-178-GR40A 
é 
CARBON STEEL L ~ 5, SA-212 
= 
«© 
| 
LOW ALLOY STEEL ‘ SA-302 
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>. 
SEAMLESS QUENCHED [ av CODE CASE 
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T-1 STEEL L et NONE 
' 
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PER CENT OF ULTIMATE STRENGTH 
Fig. 7 Comparison of allowable stress and yield stress as a percentage of the ultimate strength for materials within atmos- 
pheric temperature range 


distortion will be great enough to rep strength. The elastic margin of the dence that many steels are suscep- 
resent failure. On the other hand, the high-strength steels is excessive by tible to brittle failure at notches in 
PVRC results indicate that plastic comparison, For T-1 steel, an over comparatively low stress fields at tem- 
fatigue strengths of the steels tested are pressure 3.4 times the design pressure peratures of 40° F and lower, The 
more nearly associated with the ultimate would be required before reaching the PVRC tests indicate lower transition 
strength than with the yield strength vield strength temperatures for all of the six steels 
Therefore, the double rule which in tested than for the normalized A-201 
cludes the ultimate strength as well a Low-Temperature Service steel The quenched and tempered 
the vield strength has merit; however A survey® of brittle failures in welded matenal had the lowest transition tem- 
the percentages used do not seem con steel structures other than ships points perature of the group. A > minimum 
sistent over the range covered by Fig out the importance of notch toughne temperature of —50° F. seems reason- 
7 The adoption of any lower factor since pl wtically all failures reported thle for welded vessels of T-1. This 
‘ of safety on the ultimate will not benefit started at a notch and occurred in compares with A-201 plates ordered to 
the stainless steels or the nonferrous i brittle manner at stresses far below 4-300 which includes normalizing and 
materials since they are already based those predicted by ordinary tensile guaranteed Charpy values of at least 
upon a high percentage of the vield specimens. There is considerable evi 15 ft-lb at 50° F for the A-201 plates 
, 4 
7 
Jj 
CARBON B 
20-15" oo” / Fig. 8 Nozzles of T-1 test vessels 
1-1 “MANGE / STUDS Ow = / 
~ i 
/¥ 102 
FORGED 1-1 
NOZZLE 
MANHOLE 
worl | 
a 
(a) Failure started at point A in vessels P! and P3. (b) Failure started at point B in vessel No. |; (c) Built-up nozzles of vessel No. 5; failure started 


failure started in longitudinal seam in vessel No. 3 in longitudinal seam of shell. 
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before fabrication 

It is interesting to note the similarity 
of some of the properties when com- 
paring T-1 steel with the stainless steels 
and the nonferrous materials which 
utilize design stresses based upon two- 
thirds of the yield strength. In addi- 
low-temperature 
the stress-strain curves do 


tion to the similar 
properties 
not have a definite yield point, so are 
based upon 0.2% offset. However, the 
stress-strain curve for the T-1 steel? 
shows a rather abrupt change in slope 
rather than the sweeping type curve 
associated with stainless steel and the 
nonferrous materials. 


Suggested Higher Design 
Stresses 


Some of the suggested design stress 
levels for T-1 steel are listed in Table 3. 
There are many reasons for the wide 
variation in the values listed and it is 
not the intent of this paper to specify 
one over the other for all designs. Eco- 
nomic considerations preclude the use 
of T-1 material for the run of the mill 
pressure vessels using present ASME 
rules, On the other hand, its use may 
well be justified for a special vessel at 
design stresses as low as one-fourth of 
the ultimate 

Design 
alone may well require more than a 
single temperature range since the yield 
strength at 650° F is approximately 
10,000 psi lower than at room tempera- 
ture. The ultimate strength, on the 
other hand, is nearly constant. The 
higher design basis will also require 
special design and fabrication refine- 
ments to eliminate stress raisers espe 
cially where fatigue is a factor 

The laboratory tests of the PVRC 
program indicate that the fatigue 
strength of T-1 exceeded that of all the 
other materials tested including A-201, 
but this increase was not always in di- 
rect proportion to its increase in strength, 
None of the steels failed at 100,000 
cycles unless the loading approached the 
yield strength. Therefore, fatigue fail- 
ures should not be a problem for pres- 


stresses based upon yield 


sure vessels in normal service designed 
at one-half of the vield or less provided 
that stress raisers are kept under a 
However, many 
of the constructions permitted by the 
Codes result in stress raisers in excess 
of 2 

Past experience indicates that stress 
raixers are smoothed out to some ex- 
tent by the initial overload test. The 
biaxial plate bending fatigue test® em- 
phasizes this point for the more ductile 
A-201 material. Distortion at the first 
loading changed both the geometry and 
the stress system through the thickness. 
The correlation of laboratory fatigue 
tests at or above the vield strength with 


severity factor of 2 


actual service conditions of pressure 
vessels is still to be resolved. The fact 
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Table 3—Various Tension Design Stresses Suggested for T-1 Steel for Tempera- 
tures Between —50 and 650° F 


Inquiry to ASME Boiler Code 


50% of min yield strength t (90,000 psi) 


Suggested for critical designs* 


'/, of min ultimate strength (105,000 psi) 


NACA Specifications 
10% of min vield (90,000 psi) 

API low-pressure rules applied to T-1 
0.5 pai to 5 


(105,000 pei) 


Complete X-ray 
Nominal Design 
atresa, Jt stress 


pat eff. psi 
15,000 (WY , 500 
35,000 (100%) 35, 000 


36,000 (90% 32,400 


5 psi gas pressure at top, smaller of 


60% of min vield or '/; of min ultimate 


5,000 (95%) 


5 psi to 15 psi gas pressure at top, '/, of min 


ultimate (105,000 psi) 


5,250 (95%) 


1952 ASME Boiler Code Rules applied to T-1 


(also inquiry ) 


Smaller of 62 5% of min yield or '/, of min 


ultimate (105,000 psi) 


= 26,250 


(90%) = 23,650 


* Suggested by engineers of M. W. Kellogg Co.’ for vessels designed and inspected far 
more critically than now required by Code Rules 


+0 2% offset 


that all the steels tested gave good re- 
sults should give the designer confidence 
in the present Code design criteria. 

For many applications economic con- 
siderations require the utilization of a 
greater portion of the available elastic 
strength which means the use of design 
stresses in excess of one-fourth of the 
ultimate. Therefore, the design stress 
level for such a case using T-1 steel ex- 
ceeds the yield strength of mild steel. 
This fact alone requires special con- 
sideration by the designer. However, 
where the use of T-1 material is economi- 
cally justified, special design considera- 
tion regarding the welding,the heads, the 
fittings, the supports and other attach- 
ments is also justified. It could also be 
said that streamlined vessels of any 
material that are designed without dis- 
continuities warrant the use of higher 
design stresses. 


Reinforced Openings 

One of the main reasons for a large 
factor of safety is to provide for points 
such as the reinforced openings where 
stress concentrations might occur. The 
nozzles which gave remarkable per- 
formance during the T-1 tests are shown 
in Fig. 8. All of the butt welds were 
completely X-rayed, and the welds of 
the built-up nozzles were inspected with 
the magnetic particle method. 

Although failure started adjacent to 
the 16-in. diameter forged nozzle in one 
stress-relieved vessel and one as-welded 
vessel, it is believed that the stress 
level was so high that failure could be 
triggered by almost any minor weakness 
This is substantiated by the fact that 
vessel P3 failed adjacent to the nozzle 
at a pressure of 26900 psi; whereas, after 
welding « built-up nozzle into the good 
half of vessel P3 and after stress re- 
lieving, the vessel failed in a longitudinal 
weld at a pressure of 2770 psi 
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The typical details for the nozzles 
used on the NACA tank previously 
mentioned are shown in Fig. 9. In this 
case it was not possible to X-ray the 
welds so each pass was inspected with 
the magnetic particle method 

One of the important factors to con- 
sider in using the present Code rules 
with increased design stresses for mate- 
rial such as T-1 is that the Code permits 
the use of weaker materials as rein- 
forcement The use of 55,000-psi 
carbon steel neck with a T-1 reinforced 
shell should not be permitted because 
the carbon steel neck would be over- 
stressed near the reinforced shell. That 
is, the neck would be stressed above the 
vield point each time the vessel reached 
the design stress, 
advisable to use T-1 material for a por- 


For this reason it is 


TO SOUND METAL 
MAGMAPLUR PASS 
MAGNARUE BEFORE & AFTER 


CROSS HATCHED PORTION STEEL 


Fig. 9 Built-up nozzle used for T-] 
pressure vessel 


4 


Fig. 10 Penstock fillet insert could be 
replaced with higher strength shell 
of uniform thickness 


WELDING SUPPLEMENT 


by 
= = 35,250 
Nee 
> 
3004 FORGED CARBON 
WED NECK FLANGE 
WELD 
* 
— 
| 
- 
_ 
| 


tion of the neck adjacent to the T-! 
shell as shown in Fig. 9 The neck 
should extend beyond the reinforce 
ment area at least a distance equal to 
the square root of the product of the 
neck radius times the actual thickness 
of the neck. At this point, a weaker 
material such as carbon steel welding 
neck can be welded safely to the T-1 
provided the T-1 neck is the same thick- 
ness as the neck thickness required for 
the carbon steel material 

It is often necesssary to use standard 
flanges to match connecting valves or 
other fittings. Therefore, there is some 
times an economical advantage in weld- 
ing a carbon steel welding neck flange 
to a T-1 neck as was done in the forged 
test cover shown in Fig. 8 (a), and in 
the built-up fitting shown in Fig. 9 

Because of necessity the Code does 
X-raved 
even though the main portion of the 
shell must be X-rayed to utilize the in 


not require that fittings be 


creased joint efficiency. This, too 
offers a weak link in the design since the 
inspection requirements are relaxed for 
the part which, to a great extent, de 
termines the necessity for a large factor 
of safety It is certainly possible to 
fit and weld together the neck, the shell 
and the reinforcement in such a Way as 
to provide the same reinforcing value 
as the inserted type nozzle. However 
assurance of freedom from cracks and 
notches cannot be determined as easily 
as for the weld of an inserted forging 

The adoption of higher design stresses 
should rule out the attachment of noz 
zies by welding from one side only and 
by partial penetration welds; and should 
require more specific inspection rules 
such as the use of magnetic particle or 
supersonic inspection where fillet or 
blind groove welds are tolerated 


Bolted Flanges 


The flat cover, the studs and nuts, and 
the 16-in. diam bolting flange shown in 
Fig. 8 (a) were all steel. The bolting 
flange thickness and the drilling wer 
based upon ASA 400¢ standard 
the tests were of the vessels rather than 


since 


the bolted cover, the flanged connection 
was overdesigned. The design was 
based upon a working stress of 50,000 
psi at an internal pressure of 2500 psi 
The maximum test pressure was 2850 
psi; therefore, no plastic distortion 
occurred 

Leakage did occur 
original four burst test vessels at pres 
sures between 2200 and 2400 psi The 


same gaskets, bolts and flanges were 


however, on the 


used on vessel No. 5: however, a torque 


wrench was used to tighten the bolts 


4 small leak occurred in one gasket at 
2740 psi whereas no leakage occurred in 
the other at 2770 psi. A_ torque of 
1400 ft-lb was ipplied to the bolts cau 

ing a load of 55,000 to 60,000 psi in the 


bolts whereas it was estimated that 
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only 30 to 40% of this torque was ap 
plied to the original bolts 

Table 4 lists various stresses in the 
bolted flange connection It is dith 
cult to draw conclusions from = such 
limited data, but it appears that T-1 
flanges can be designed by the exist 
ing Code rules using stresses somewhat 
higher than one-fourth the ultimate 
However, because the elastic movement 
may be considerably greater than ex 
perienced with present Code materials 
care should be exercised in selection of 
gasket material and in tightening the 
bolts The use of a torque wrench is 
recommended 
Restraints 

It should be remembered that local 
bending stresses caused by symmetrical 
restraint such as heads and rings are 
functions of the membrane stresses in 


with the shell or be free to move inde- 
pendently. A rigid attachment of car- 
bon steel would be stressed above its 
vield strength when the T-1 vessel is 
tested, and would work between a maxi- 
mum and minimum having a magnitude 
approaching the yield’ strength each 
time the vessel went through its work- 
ing cycle 

The following statement appeared in 
an analysis of ship failures: 

As cracks originating in any part of 

welded structure may propagate 
through the welds into a strength mem- 
ber, the standard of quality of materials, 
design and workmanship in all parts 
attached to the structure by welding 
should be equal to those required in the 
main strength members,’ 

The experience gained by the studies 
of ship failures should be utilized in 


Table 4—Stresses in 16-In. Forged T-1 Manhole Flange and Cover 


Vember 

l in. diam T-1 studs 

} 25-in. diam T-1 cover 

2.5-in. diam T-1 flange 
Radial flange stress, 
Tang. flange stress, 
Long hub stress Sa 

(Su Sr 


Stress in pat 
Int pressure Int pressure 
740 pai psi 
(vessel shell fail.) 
55,150 pei 
64, 500 psi 


( firat leakaqe 
53,000 psi 
62,000 psi 


11,900 psi 
25,500 pai 
58, 700 pai 
50, 400 pai 


10, 500 post 
22 post 
56 100) posi 
18,350 pai 


* Bolts tightened with torque wrench 


the shell: therefore, if the stress concen 
tration is two and the shell membrane 
stress is 50°, of the vield strength, the 
local stress 


vield strength of the material 


at the concentration is at the 
This is 
true regardless of the material strength 
For this reason the careful designer 
using higher design stresses will prefer 
the hemispherical or two-to-one ellip 
soid il he ud in preference to the shallow 
torispherical conical or flat heads 

On the other hand, a ring of high 
strength steel such as T-1 at the region 


of high local bending stress can accom 


modate this high bending stre ance 
its elastic movement can be two or three 
times that of the carbon steel Figure 
10 illustrates an expensive transition 


fillet insert in a penstor k.2 This solu 
tion reduced the calculated maximum 
combined stress to 22,800 pei An in 
sert of high-strength material would 
probably cost less and would not be 
overstressed since the maximum com 
bined stress would be 
stiffener 

It ould also be remembered that 
the elastu 
steel such as T-1 steel might overstre 


movements ol high strength 


any restraining ring of carbon steel 
around the T-1 vessel. Supports and 
other permanent attachments such as 


} 


lugs should be of the same material as 


that of the high-strength shell. Such 


ittachments must necessaril move 
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$0,500 psi if the 


shell were a uniform thickness past the 


fe designs of high-strength 


making sale 


materials 


Welding Design 


It is also important that all attach- 
ment welds that move with a T-1 shell 
be with high- 
trength electrodes and preferably those 
that deposit weld metal as strong as the 
shell of the vessel 
coated electrodes are apt 
Then, 
weaker weld metal which pene- 
shell will cause a point of 
weakness. Temporary attachments for 
fit-up devices can be structural steel 
provided they are Such 
ittachments and any repairs should be 
welded with low-hydrogen high-strength 


low-hydrogen 


Cellulose 
to cause under-bead cracking. 
too, the 
trats the 


removed 


electrodes 

The results of the T-1 tests showed 
little to choose between the (Ni-Mo-V 
type) electrodes of the 12015 class in 
the as-welded condition as compared to 
the (Mn-Mo type) electrodes of the 
90015 class in the stress-relieved con- 
dition. However, observations  indi- 
cated that the vessela were more uni- 
formily stressed in the case of the E12015 
electrodes whereas there was some 
tendency to neck the welds in the ves- 
sels welded with KY9015 electrodes. In 
two cases the failure actually took place 
in the main longitudinal weld made with 
LO015 electrode, since this weld metal 
weaker than the T-1 plate 


Was slightl 
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On the other hand, it is most im- 
portant to know that welds made with 
electrodes containing appreciable quan- 
tities of vanadium, as was the case with 
the £12015 electrodes used, cannot be 
stress relieved because such treatment 
embrittles the weld. The ductility 
transition temperature by the Charpy 
keyhole notch was raised from —60° F 
as-welded to above 130° F stress relieved. 

Automatic welding of T-1 steel has 
not yet been fully developed. However, 
there is reason to believe that multipass 
welding will eventually be possible. 
Tests of semi-automatic welds made by 
the inert-gas-shielded metal are process 
have indicated satisfactory results can 
As in the case of manual 
welding, automatic welds made with 
electrodes containing an appreciable 
amount of vanadium cannot be stress 


be obtained 


relieved. 

Electrodes of the [11015 class are 
also being tested. Indications are that 
the resulting welds will be as strong as 
the parent plate and that these welds 
can be stress relieved without raising 
the transition temperature appreciably. 


Use with Other Materials 

It has already been pointed out that 
carbon steel flanges or necks can be 
welded to T-1 necks designed at stresses 
permitted in the carbon steel provided 
the seam is beyond the influence of the 
reinforcement aren 

Plate sections or complete rings of 
T-1 plates have been used in vessels to 
prevent or slow down rapid abrasion. 
T-1 plates are also used where large 
elastic movements with high strength 
are desirable as in flex plates of wind 
tunnel nozzles 

It is possible that a T-1 vessel with 
& thin stainless welded strip liner might 
not stand up under the release of the over- 
load test pressure and subsequent work- 
ing loadings. The test pressure would 
cause stresses approaching 50,000 psi in 
the stainless steel, On the other hand, 
the test of an integrally clad vessel would 
leave the liner in residual compression. 
Tests on this problem are under way 


Economies 

Until the Code authorities establish 
allowable design stresses cost’ compari- 
sons mean littl. Some idea of the 
factors involved are summarized in Table 
5. These figures are quite approximate 
and many factors, such as stress-relief 
limitations on thickness, could upset 
these completely, Then, too, the ex- 
perience to date is limited; new elec- 
trodes and methods will undoubtedly 
follow. 

The material costs are realistic, but 
even here a requirement such as normal- 
izing and guaranteed Charpy values for 
the A-201 would reduce the T-1 factor 
to 2A instead of 2.5A, 

The fitting cost factor would increase 
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Table 5—Approximate Comparable 
Cost Factors 
Identical field erected vessels 
1-201 T-1* 


Plate material costs A 2.5A 
Fittings costs B 2B 
Fabrication costs 1.3C 
Krection costs D 11D 
Welding (hand) costs K 
X-ray costs 
Identical shop built vessels 
A-212 T-1* 
Plate material costs A 2.5A 
Fittings costs B 2b 
Fabrication costs Cc 1.3C 
Shop assembly costs D 11D 
Welding costs 
Automatic 
Hand 3E 
X-ray 
Stress relief G G 


* In order to make an actual cost compari- 
son these factors must be multiplied by 
the ratio: 

A-212 or A-201 allowable stress 


T-1 allow able stress 


unfavorably for the T-1 if the savings 
in weight of the bolting flange cannot 
be realized of if more expensive construc- 
tion is required 

The fabrication cost factor depends 
upon the capacity of the machines in- 
volved. The cost cannot be 
evaluated if machines available are not 
Because of 


factor 


adequate to form the T-! 
its higher yield strength considerably 
more power is required to form T-1 
plate than is required to form the same 
thickness plate either of A-201 or A-212. 
Hot forming of T-l material requires 
quenching and tempering after forming. 
In general it is advisable to purchase 
quenched and tempered material even 
though subsequent hot work is to be 
done. 

The shop assembly cost factor is 
slightly higher for the T-1 steel because 
of the additional care required and the 
necessity of welding all attachments 
with low-hvdrogen high-strength elec- 
trodes. 

It is really impractical to compare the 
welding cost in a general figure, so the 
values given cannot mean much. This 
cost depends upon the procedure used, 
the thickness involved, and many other 
factors. It is well to remember that 
for cases where low-hvdre wen electrodes 
must be used for A-201 and A-212 the 
additional welding cost for T-1 is re- 
duced considerably. 

The difference in X-ray and _ stress 
relief, if required for both, cannot make 
much difference for the same thickness 
of metal. However, it will make a dif- 
ference if the requirement is mandatory 
for one and not the other. It is im- 
portant to note that a 10°) weight 
saving more nearly offsets the cost of 
X-ray for the more expensive T-1 steel 
than for the less expensive steels. Also 
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that stress relief has practically no effect 
on the notch toughness of T-1 stee! 
Stress relief of T-1 must be done below 
the tempering temperature (1150 to 
1200° F) of the plate. 

From this comparison it is apparent 
that the allowable stress for the T-1 
steel must be considerably greater than 
that of either A-201 or A-212 before the 
use of T-1 steel can be justified. The 
exceptions to this are the cases where 
stress-relief requirements, limiting plate 
thickness, low temperature service o1 
other considerations permit the use of 
T-1 but prohibit the use of the othe: 
materials without adding substantially 
to their costs. 


Conclusion 

The design of pressure vessels using 
high-strength quenched and tempered 
steel is practical, but special design con- 
siderations must be given because this 
is # new material and as such requires 
new thinking. A design stress level 
higher than that given by the present 
Code rules seems justified for this new 
material. Refinements of design de- 
tails and increased inspection require- 
ments would be required to permit de- 
sign stresses greater than one-fourth 


of the ultimate strength. It is realized 


however, that Code stress levels based 
upon yield strength or a greater portion 
of the ultimate strength require careful 
consideration as to the effect of any new 
standards upon all Code materials 
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SUITABILITY OF QUENCHED AND 
TEMPERED STEELS FOR PRESSURE— 
VESSEL CONSTRUCTION 


Amount of ductility needed for fabrication and operation, elastic ratios, 


relationship between ductility and toughness, the necessity for stress relieving, 


are among the subjects discussed in addition to 


describing destructive tests of 8 full-scale pressure vessels 


BY LEON C. BIBBER 


Introduction 
The suitability of quenched and tem 
pered steel, or any other steel, for the 
construction of pressure vessels is in 
most cases determined by the many 
regulatory bodies which control the 
design and construction of such vessels 
The best known of these agencies is the 
Boiler and Pressure Vessel Committee 
of the American Society of Mechanical 
engineers 

In passing judgment on the suitability 
of any steel for pressure vessel construc 
tion, the various regulatory bodies must 
weigh the advantages and disadvantages 
of a new steel very carefully particu 
larly if the new material is a radical de- 
parture from those commonly used 
It is hoped that the discussion in this 
paper and the comment that will be 
evoked will be of help to those who 
must make such decisions 


Chemical Composition 

While the title of the paper encom 
passes quenched and tempered steels in 
general, the discussion is largely confined 
to one such steel; namely, “T-1''* steel 
This is a proprietary steel, but at least 
one other manufacturer has been licensed 
to produce this material 

The chemical composition range and 
the minimum mechanical properties for 
T-1” steel, '/, to 2 in. thick, are given 
in Reference 1, at the end of this 
paper 

Also, since this paper will be con 
cerned largely with the performance of 
plates made from a single heat of this 
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steel, the ladle analysis of this par 
ticular heat is given below 


Heat No AD 136-—Ladle Analysi 


Carbon O15 
Manganese 42 
Pho phorus 0 Ol4 
Sulfur 0 020 
Silicon 0 26 
Nickel 0 
Chromium 0 50 
Molybdenum 0. 46 
Vanadium 0 06 
Copper 0.32 
Joron 0 


Ultimate Tensile Strength 

In Table 1 are shown the mechanical 
properties of many '/,-in.-thick plates 
made from this heat. These plates 
were quenched cold from 1650° F and 
then were tempered at 1175° F and 
quene hed cold 

This steel is manufactured to a mini 
mum tensile strength of 105,000) psi 


but the actual tensile strengths of this 
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particular group of plates were con- 


siderably in excess of the minimum and 
were practically double those of the 
structural carbon steels so often used 
for pressure vessel construction It 


will also be noted that the strengths 


obtained from transverse specimens 
were essentially equal to those obtained 
from longitudinal specimens 

When this steel is ordered for pressure 


vessel construction, it is suggested that 
fire box quality be specified, The fact 
that the plates are to be used for the 
construction of pressure vessels should 
The plates 
will then be cross-rolled as shown in 
lig. | It will be seen that the slab 
one of many obtained from the ingot) 
is rolled to the desired width and then 
turned 90 degrees and the final rolling 
done with the axis of the ingot perpen- 
dicular to the direction of rolling. 
in this manner minimizes 
directional properties and makes the 


also be stated on the order 


plates particularly suitable for a biaxial 
stressing such as obtained in spheres 


On “T-1" steel for the fabricating of 
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Cross rolling of "T-1"' steel for pressure vessel construction 


DIRECTION OF ROLLING OF heat-treated is subject to extensive 


testing for routine control. The num- 


OIRECTION OF OIRECTION OF 


INGOT AXIS INGOT  / ber and type of specimens are shown in 
Fig. 3. Longitudinal tension  speci- 
{ / mens are taken from the top and bottom 
i? a ae of each plate, as-heat-treated. If the 
| 'Y « Z plate as-heat-treated were 40 ft long 
e. and were to be cut into two plates 20 ft 
long, the specimens would be cut from 
, _— the 40-ft plate as shown, but not from 
each of the 20-ft plates cut therefrom 
SLABS TO ORDERED SLAB TO ORDERED 
go* wioTH 90° LEencTé This steel is manufactured to a mini- 
Fig. 2 Straightaway rolling of 'T-1" steel for structural purposes mum yield strength of 90,000 psi. In 
: Table 1, it will be noted that the yield 
| strengths of the various plates are well 
structures other than pressure vessels, (one of many) is turned 90 degrees and above this minimum. Again, the simi- . 
: a certain amount of cross-rolling may cross-rolled until the desired width is larity between longitudinal and trans- 
2 be done but that amount will be inei- obtained and then the slab is again verse values and the similarity between 
dental to obtaining the ordered plate turned and rolled with the ingot axis the results of tests from the different 
¥ width from the slab width. In Fig. 2 parallel to the direction of rolling. parts of the plate will be noted. Yield 
is shown the straightaway rolling of One plate of heat-treating size is strength is used with this material be- 
plate. It will be seen that the slab rolled from each slab. Each plate as- cause this steel, like practically all alloy 
. Table |—Mechanical Properties of Quenched and Tempered '/,-In.-Thick Plates for Construction of Eight Pressure Vessels. 
Firebox Quality 
Charpy keyhole 
Orientation Yield Impact Ductility- 
and strength, Ultimate — Elastic Klong Elong value transition 
Slab Thickness location of 0.2% atrength, ratio, in8in., in2in., at —50° F, temperature, Hardness 
: No im apecimen pat psi o/s % % ft-lb °F ( Vickers) 
: 62670 0 523 Long. bot 119,700 123,300 97 0 27 34-33-32 217 272 
0 515 Long top 124,400 127,800 97 4 28 
0 512 Trans, top 124,400 120, 200 96.3 27 2:3-22-22 
62672 0 516 Long. bot 107,300 113,150 04.9 $2.0 33-31-33 107 260 
O. 515 Long. top 106,700 115,650 92.2 20 0 
0 510 Trans.top 111,000 117,400 31.0 29-28-27 
62674 0 516 Long. bot 115,600 121,600 10.7 20.0 32-32-32 217 272 
0 515 Long. top 111,000 117,100 45 115 31.0 
O 517 Trans. top 112,200 119,200 1 10 7 27 0 24-25-24 
62675 0 516 Long. bot 121,400 128,300 4.5 11.0 SL 0 31-31-28 208 204 
3 0 526 Long. top 1245, 100 128,800 95 8 26.0 
0) Trans. top 123,800 130,700 046 8 5 26.0 22-23-21 
62676 Long. bot 116,300 123,300 45 10 5 28 0 33-35-34 225 284 
O 515 Long. top 110,500 117,500 41 10.2 28 0 
0 Trans.top 112,300 121,400 92.5 110 23.0 26-25-26 
62677 0 425 Long. bot 121,400 127,000 05 6 10 2 28.0 $2-32-30 200 285 
0 520 Long. top 114,600 121,400 “14 11 0 31.0 
0 516 Trans, top 117,100 123,700 49 8 0 22 0 25-25-25 
620678 0 511 Long. bot 114,500 122,400 93.5 0 27 0 40-30-30 205 277 
0 500 Long, top 111,600 120,900 92.3 10 7 25 0 
0 511 Trans. top 118,900 123,600 92.1 5 20.0 27-28-27 
4 62070 O 518 Long. bot 124,800 133,600 Ww 4 15 23 0 29-31-33 235 208 
0 509 Long. top 115,100 131,200 7 97 28 0 
0 515 Trans top 125, 500 135,300 92 7 28 0 25-24-25 
62680 0 520 Long. bot 114,100 123, 100 92.7 10 7 20.0 56-54-54 205 275 
O 518 Long top 107,700 115,100 15 2 $2.0 
0 522 Trans top 100, 600 117,200 Ls 1O 5 27 0 27-28-28 
62681 504 Long. bot 116,100 128,600 Ww 5 120 27 0 31-30-31 238 286 
0 512 Long. top 119,900 126,700 17 22.0 
0 507 Trans. top 120,600 129,200 93.2 10 7 26.0 2:3-2:3-22 
62682 0 524 Long. bot 125,300 132,900 “44 115 28 0 20-27-30 208 206, 
0 525 Lone top 120,900 127,000 O45 
0 525 Trans.top 119,100 131,000 91 0 10 0 27 0 22-22-22 
620835 0 407 Long. bot 126,700 142,200 95 5 10 2 27 0 34-30-35 1 235 202 
0 495 Long. top 121,050 128,200 13.0 25 5 
0 495 Trans. top 125,100 132,000 18 9 0 25 0 22-22-21 
62087 0 517 Long, bot 125,500 133,300 00 27 0 31-30-30 230 307 
0 517 Long. top 120,700 127,300 6 10 5 28 0 
0 512 Trans.top 116,800 131, 100 8&8 0 9 2 2440 22-20-21 
6208S 0 517 Long. bot 108, 500 117,000 92.7 20.0 20-32-29 194 255 
0 508 Long. top 112,700 121,600 92 6 28.0 
0 505 Trans.top 118,000 124,550 04.8 27.0 24-23-22 
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LONGITUDINAL BOTTOM, CHARPY~ REYHOLE-NOTCH, IMPACT SPECIMENS IF SPECIFIED entire area of the plate. The uniformity 
of heat treatment over the total plate 
area depends upon the knowledge, the 
RETAINER ( Sane ) skill and the experience of the manu- 
facturer, The manufacture of quenched 
RETAINER (SPARE ) and tempered plate for structural pur- 
poses is not new, it is only new to civilian 
engineers. During the past few decades, 
thousands of tons of quenched and 
tempered plate have been made for 
RA special purposes and no lack of uni- 
gd Ny words, the assurance of uniformity of 
PLATE heat treatment is the soundness of the 
practices and controls of an experienced 
manulacturer 
Even though vield strengths as high 
, ' RETAINER ( SPARE) ON ENOS OF BROKEN TENSION as 140,000 psi can be obtained in the as- 
quenched condition, to produce plates 
Fig. 3 Tests taken on plate (as heat treated) of ‘T-1" steel of firebox quality having the best combination of strength, 
/ steels, does not have a definite drop-of- 
the-beam yield point. The stress- Table 2—Effect of Thickness on Mechanical Properties of "T-1" Steel 
strain curve, however, is ‘‘sharp-kneed”’ Heat No. 348267 
as will be shown later. 

Possibly there are some who are ‘ Mn Pp s St vu Ni Cr Mo V B 
laboring under the belief that the attain- 015 070 0.016 0 021 020 0209 088 059 050 0.09 0.0038 
ment of such high yield strength is diffi- Quenched from 1650° F—Tempered at 1200° F 
cult That this is not the case can best 
be shown by the results of some tests Thich Yield (0.2%) Ultimate 
that were conducted on plate which —" strength strength 7o elong % ved. 
was quenched only. The microstruc- m aren 
ture of the '/.-in. plate throughout the ¥/, 111,300 122, 250 21.0 65.8 
thickness was untempered martensite 120,300 126,050 21.5 3 
Tension specimens of this material had . 122, 800 128, 800 21.0 68 1 
the following properties 128, 050 13:3, 050 20.0 67.0 

124,800 131,400 20.0 65.9 
Ultimate tensile strength 194,000 psi 1*/,* 123,050 120, 800 20 5 “5.9 
Yield strength 139,600 psi 13/,° 121,050 128,050 20.0 Os 1 
elongation in 2 in 14.0% 123,550 130, 100 21.0 70 2 
Reduction area 52.5% a 117,800 125,600 21.5 te | 
125,800 131,800 20.0 
This then is in reality the basic matertal 2° 110,150 128, 200 20.5 On 0 
which is to be tempered to suit require 
ments Using higher tempering tem * Different slabs 
peratures, lower yield strengths can be 
obtained; or by using lower tempering of the ultimate. Such restrictions are ductility and toughness, it is desirable 
temperatures, yield strengths even ap the result of the belief that a low elastic to temper the quenched plates to a some- 
proaching the value given above can be ratio is assurance of toughness. As what lower strength level. In this 
achieved. This condition is quite dif- will be shown later with quenched and quenched and tempered condition a 
ferent from that existing in hot-rolled tempered “T-1"’ steel, toughness can be conservative minimum yield strength 
steel, in which the resulting mechanical! accompanied by very high elastic ratios of 90,000 psi can be readily attained. 
properties are principally a function of In fact, vield-ultimate ratios in excess 
composition, finishing temperature and of 80% are a good indication that proper Ductility 
‘ rate of cooling which generally is de heat treating has been carried out The particular quenched and tem- 
pendent on thickness. In this quenched If further confirmation of toughness pered steel which is under discussion is 
and tempered steel, mechanical proper- is required, notch-bar impact testing of manufactured to a minimum elongation 
ties varv but little with thickness in the sélected areas can be done, but it must of 18% in 2 in, In tension testing alloy 
id range say up to 2 in. thick which would be remembered that if a plate is large steel, the 2-in. gage length is customarily 
be used for pressure-vessel construction enough to require the whole product of used, but since structural carbon steels 
This is shown in Table 2 a slab, no destructive-test specimens are sold to8-in, gage-length requirements, 

In Table 1, under the column headed can be taken at the centroid of the area the values for elongations in 2 in, and 
Elastic Ratio, are given the ratios of the without ruining the plate Sin. are both shown in Table 1 It will 
vield strengths to the ultimate strengths One problem which has troubled be noted therein that the average elon- 
It will be seen that these ratios are ex regulatory bodies in deciding upon the gation in 2 in. is about 26%, and the 
tremely high, so much so as to be alarm suitability of quenched and tempered average elongation in 8 in, is about 11% 
ing to some. There is considerable plates for pressure vessel construction with individual values as low as 8.5% 
volume of engmeering opinion which has been that of assurance of proper The material in question Was cross- 
believes that there should be a wick heat treatment of each plate rolled to produce approximately the 
margin between the vield strength and Destructive tests provide information same properties in both directions, and 
the ultimate; in fact, there are structural on the heat treatment of the particular it will be seen that relatively good equal- 
specifications extant which prohibit the area tested but give no assurance of the ity of elongation was obtained,in most 
use of vield strength in excess of 70° uniformity of heat treatment over the CASES 
SEPTEMBER 1955 Bibber—Steels for Pressure Vessels 15l-« 
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Fig. 4 Flanged and dished head 


Plate thickness in, 
Inside diam 48 in. 
Radius of dish 4B in. 
Radius of knuckle in. 
Length of flange T*/> in. 


Inasmuch as the elongations in § in, 
shown are considerably less than are 
found in pressure vessel carbon steels, 
the question immediately arises as to 
how much elongation is necessary for the 
construction of pressure vessels. There 
are really two parts to this question: 
(1) How much duetility, as measured 
by elongation in the tension test, is 
necessary for the fabrication of pressure 
vessels? (2) How much ductility so 
measured is necessary for the operation 
ot pressure vessels? 

Let us consider the first part of this 
question. A certain amount of rolling, 
flanging, dishing and other operations 
must be done in the fabrication of pres- 
sure vessels, The only answer to the 
question as to whether or not these 
operations can be satisfactorily carried 
out is to actually do them. In Fig. 4 is 
shown a flanged and dished head fabri- 
cated by the Chicago Bridge & Tron Co. 
This head was made of */,in-thick 
material and was progressively flanged 
and dished cold, One head was even 
fabricated cold with a welded joint in 
the middle. It is believed that the 
forming shown in Fig, 4 is about as 
difficult an operation as will be found in 
pressure vessel construction, and the 
fact that this severe cold forming was 
successfully carried out is a demon- 
stration that the amount of elongation 
shown in Table 1 is adequate for pres- 
sure vessel fabrication, It should be 
borne in mind, however, that due to the 
great strength of this steel, much more 
force would be required for these opera- 
tions than is required for pressure-ves- 
sel carbon steels of the same thickness. 

This brings us to the second part of 
the question; namely, how much ductil- 
itv, as measured by elongation in the 
tension test, is necessary for the opera- 
tion of pressure vessels? Theoretically, 
if a vessel containing no stress raisers is 
capable of holding pressures which de- 
velop membrane stresses up to the yield 
strength of the material, such a vessel 
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could be made of glass and no ductility 
whatsoever would be needed. If this 
theoretically perfect vessel were made 
of steel having a large amount of elon- 
gation measured in a streamlined ten- 
sion specimen, that perfect vessel would, 
as the membrane stress was raised above 
the yield strength, balloon to the limit 
of the extensibility of the steel. On 
the other hand, if a practical vessel con- 
taining nozzles, fillet welds, nicks, under- 
cuts, and other stress raisers were built 
of this same steel and tested at a suffi- 
ciently low temperature, the vessel would 
fail in a brittle manner with little or no 
ballooning despite the fact that the 
material of which the vessel was con- 
structed had large amounts of elonga- 
tion in a streamlined specimen. If the 
hypothetical situation as described 
above be true, does it not follow that 
toughness (even though accompanied by 
lesser amounts of streamline elonga- 
tion) under the adverse conditions of low 
temperature and notching is more im- 
portant than large amounts of elonga- 
tion in a specimen which does not in 
any way simulate the condition existing 
in the actual vessel? 

It so happens that most steels which 
are used for construction have a large 
amount of ductility. This is very well 
shown in Fig. 5, in which the stress- 
strain curve of pressure-vessel carbon 
steel is superimposed on the stress- 
strain curve of a quenched and tempered 
alloy steel. It will be seen that the 
elongation of the carbon steel is nearly 
three times that of the stronger alloy 
steel. It is also interesting to note, 
however, that the energies absorbed 


by the two specimens are not too much 
different. The great elongation of the 
carbon steel indicates that if no coneen- 
tration of stress or other factor pre- 
vented, a vessel built of such a steel 
would balloon to a great degree; whereas 
a vessel built of the stronger and less 
ductile alloy steel would balloon to a 
much less degree. That brings up 
another question: is great capacity 
for ballooning necessary? The answer 
will be provided by the full-scale tests 
to be described later. 


Toughness 

Toughness, as the term will be used 
hereinafter, means ability to resist 
brittle fracture; that is, the ability to 
absorb work under adverse conditions 
of temperature, strain rate and geometry. 
Toughness may be measured by many 
of the various tests now in vogue such 
as the Charpy impact test, the Kinzel 
notch-bend test, and Naval Research 
Laboratory drop-weight test, the ex- 
plosion bulge test, and others. The 
results are commonly expressed in terms 
of transition temperature; that is, the 
temperature at which a change from 
tough to brittle behavior takes place. 
Generally, two transitions occur -one 
is called the ductility transition, and 
the other the fracture transition. 

The ductility-transition temperature 
is that temperature below which frac- 
ture can readily start in the presence of 
a notch. Above this temperature, 
crack initiation must be forced and 
hence is unlikely, In other words, be- 
low the ductility-transition temperature 
the last vestige of toughness has de- 
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Fig. 5 Typical tension-stress-strain curves for T-1" steel and A-285 steel 
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parted and the danger of crack initia- because toughness cannot exist without higher transition temperatures, 
tion is great some degree of ductility, but ductility The values shown in Table 1 should 
The fracture transition could more (elongation) can be manifested under not be regarded as operating tempera- 
properly be named the ‘“‘fracture- favorable circumstances in a material tures. Much more conservative operat- 
appearance transition,’’ since fracture which will behave in a brittle manner in ing temperatures should be contem- 
appearance is usually the criterion used the presence of a notch, Toughness plated when designing pressure vessels 
The fracture-transition temperature is is two-dimensional, in that it involves of “T-L” steel, because practically all 
frequently defined as that temperature both ductility and strength. Ductility fabrication operations raise the ductility 
at which 50% of the fracture has a is uni-dimensional The requisite transition temperature. ! 
fibrous appearance, The fracture- therefore, for toughness is a small 
appearance transition is believed to be amount, even a minute amount, of Stress Relieving 
associated with crack propagation ductility at the root of a notch and not In the early days of welding, some 
Below the fracture-appearance-transi- necessarily a large amount of ductility rather puzzling failures occurred to 
tion temperature, cracks will propagate in a streamlined tension specimen, If welded pressure vessels subjected to no 
with very little additional energy ab- this small amount exists when and pressure whatsoever. Only residual 
sorption; above that temperature, the where it is needed, the toughness it will stress could have been involved, The 
material will tear in the shear mode and provide is a much better assurance practice of stress relieving was then in- 
J resist the propagation of the crack against catastrophic failure than elon- stigated and the failures stopped. 
The fracture-appearance-transition tem- gation which would be great in a stream- These occurrences were apparently 
perature is for many steels 50 to 100 lined specimen but would be absent o1 proof that residual stress caused some 
degrees or more higher than the ductility- nonexistent when conditions become failures and that stress relieving pre- 
' } transition temperature. This means adverse vented such failures, As a result, the 
that if a crack is started, it will continue In Table | are given the ductility practice of stress relieving is well es- 
to run even at a much higher tempera- transition temperatures of the various tablished and is required by the Code 
ture than that at which it started. \/,-in.-thick plates as evaluated by in many cases 
However, if a crack cannot start, it keyhole Charpy specimens, It will be Since the epidemic of brittle failures 
cannot propagate. Because of this seen that they are all in the vicinity of in ships during the last war, a great deal 
fact, the ductility-transition tempera- 200° F. These are the values for of study has been directed to the flow 
ture is considered to be the more im unfabricated plates; as is shown in and fracture of metals, A number of 
portant of the two in most applications Reference 1, welding, forming and investigators have shown that the 
Toughness and ductility are related other fabrication operations bring about thermal treatment called stress relieving 
20'-!" OVERALL LENGTH OUTSIDE HEADS 
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Fig. 6 Design of vessel for bursting and drop-impact tests 
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Fig. 7 General view of cooling tank—capacity 2350 gal. 


in addition to lowering the residual peak 
stresses in welded parts often restores, or 
nearly restores, the original base-metal 
toughness. This gives rise to the ques- 
tion, if the welded steel were tough at 
the operating temperature, would it 
make any difference whether residual 
stresses were present or not? If it 
could be proved that their presence 
made no difference, then vessels made 
of welded steel which was tough at the 
lowest operating temperature need not 
be stress relieved 

On the other hand, if the steel after 
having been welded were not tough, it 
might not be able to make the minute 
adjustments necessary to distribute 
peak welding stresses and failure could 
occur in a brittle manner at a relatively 
low average stress." In such cases 
stress relief would be beneficial because 
it could lower the peak stresses and 
hence permit a greater average stress to 
be endured even though no improve- 
ment in toughness had occurred. 

The Boiler Code requires stress re- 
lieving in welded pressure vessels for 
three reasons: (1) thickness greater 
than specified minima; (2) degree of 
cold work; (3) large amounts of harden- 
ing elements in the chemical composi- 
tion. All three of these items affect the 
toughness of hot-rolled steels adversely, 
and if there is any likelihood that the 
operating temperature will be below the 
transition temperature of the fabricated 
vessel, then stress relieving as now pre- 
scribed by the Code should be done. 

Certain thermal operations before 
welding such as normalizing,? and more 
particularly quenching and tempering, 
so improve the toughness of the plate 
that even after deterioration by welding 
and other fabrication operations the 
heat-affected base metal may still be 
tough enough to function satisfactorily 
at the operating temperature. This 
is particularly true of quenching and 
tempering which can result, in ‘T-1" 
steel, in a lowering of the ductility- 
transition temperature by more than 
200 degrees (1) by the Charpy keyhole 
test. Chemical composition, therefore, 
is not a true criterion of the necessity 
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for “stress relieving’; the microstruc- 
ture of the plate is a better guide. 
There is an interesting difference be- 
tween the quenched and tempered 
“T-1’’ steel and pressure-vessel carbon 
steels. The toughness of the latter 
after having been impaired by cold 
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working is benefited to but a smal] de- 
gree by subsequent stress relieving.’ 
On the other hand, the toughness of 
cold-worked ‘‘T-1"’ steel is fully restored! 
by this treatment. 

Another factor involved in the per- 
formance of pressure vessels is stress 
concentration. The peak stresses re- 
sulting from sharp changes in direction 
and from discontinuities are a function of 
the geometry of the structure. Stress 
relieving does not alter that geometry in 
any way, but can lower the residual 
peak stress in the vicinity of the stress 
raiser and can improve the toughness of 
the material. If the toughness had 
been seriously impaired locally by weld- 
ing, a concentration of stress could be 
dangerous because the material in 
that vicinity, whether weld metal or 
heat-affected base metal, might not 
permit the plastic flow necessary to 
allow the part to distribute the stress 
On the other hand, if the material! is 
tough at the temperature involved and 
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under the state of stress existing in the 
as-welded condition, a concentration of 
stress is no more harmful unstress- 
relieved than it is stress-relieved, be- 
cause a minute amount of plastic flow 
will bring about a readjustment which 
will radically change the stress concen- 
tration factor 

There is one instance in which the re- 
lief of stress is beneficial in fabrication 
even though the vessel is tough at the 
time. If precise machining must be 
done, a stress relief may be necessary 
to ensure that unbalanced machining 
disturbs the equilibrium of the internal 
forces as little as possible 


When stress corrosion is a factor in 


the operation of a vessel, residual 


stresses may require consideration even 
though the material in the vessel is 
tough. In structural carbon steels, the 
measured residual weld stress is far in 
excess of the vield strength of the base 
metal In the case of quenched and 
tempered plate, the residual weld stress 
measured in '/;-in.-thick plate was in 
the vicinity of the yield strength of the 
base metal and of the weld metal, that 
is, about 80,000 psi.! In pressure ves- 
sels built of other types of steel prac- 
tically every failure attributed to stress 
corrosion occurred when the stress was 
at about the vield strength of the mate- 
rial. It would appear, therefore, that 
if stress corrosion were a danger, the 
vessel should be given a_ stress-relief 
treatment for the purpose of reducing 
the stress peaks as much as possible. 

It will be seen that the situation with 
regard to stress relieving pressure ves 
sels built of quenched and tempered 

T-1"’ steel is somewhat different from 
that which obtains in the case of vessels 
built of pressure-vessel carbon steels 
This difference lies in the fact that the 

T-1"’ steel—after having its toughness 
impaired by welding, cold work and 


tough! and, as will be shown later, does 
not need to have its toughness restored 
for operation at even the lowest atmos- 
pheric temperatures. If actual re- 
duction of peak stresses is desired rather 
than restoration of toughness, then 
stress relieving should be done. How- 
ever, in considering the necessity for 
stress relieving, the importance of the 
toughness restoration aspect of this 
process must always be borne in mind, 


Tests of Full-Scale Vessels 

Even though the ideas advanced in 
the foregoing are well supported by 
laboratory testing, it was realized that 
their validity must be demonstrated by 
tests of full-scale vessels. Accordingly, 
the Chicago Bridge & Iron Co, and the 
United States Steel Corp. decided to 
test a number of such vessels, to 
demonstrate: 


1. The fitness of quenched and 
tempered plate for the con- 
struction of pressure vessels. 

2. The propriety of utilizing the 
great strength potential of this 
type of steel; that is, the pro- 
priety of using much higher 
working stresses than have been 


Fig. 11 Typical burst other fabrication operations —is still very 
permitted heretofore, 

3. The desirability of eliminating 
the present requirements for 
stress relieving when restoration 


of toughness is unnecessary, 


test, called “Operation T-1,” 
was conducted at the Birmingham plant 
of the Chicago Bridge & Iron Co, on 


—“~GIRTH TAPE 4 
June 29 and 30, 1954. At that time, 


LOCATION 
45° SHEAR — MARKERS four vessels were tested; two in the as- 
FRACTURE welded condition, and two stress re- 
lieved Four vessels had been tested 
in preliminary trials so that “Operation 
Fig. 12 Typical burst failure T-1" destroyed a total of eight vessels, 
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Fig. 14 Pressure-volume curve for burst test of vessel No. 
Fig. 13 Burst test data for vessel No. P1 PI 
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The design of the vessels is shown in 
Fig. 6. It will be seen that hemispheri- 
cal heads were used. The thickness of 
these heads could have been reduced to 
about half of that shown, but to sim- 
plify material procurement it was de- 
cided to make the head thickness the 
same as that of the shell. It will be seen 
that inserted nozzles were set into the 
shell, It would have been simpler to 
have placed the nozzles in the heads, 
but 
cate them as shown because their pres- 
ence in the shell would create more 
harmful concentrations of stress. The 
design of the nozzles was such, however, 
that this would be re- 
duced to a minimum. 

It will be noted in Fig. 6 that the ves- 
sels which were to be tested as fabri- 
cated, were welded with an £12015 elee- 
trode, This rod Ni-Mo-V 
weld metal which has excellent proper- 
ties as-welded, but is drastically em- 
brittled by heat treatment.’ 
Hence, the vessels which were to be 
stress relieved were welded with an 
E9015 electrode. This rod deposits 
Mn-Mo type weld metal of somewhat 
less than base-metal strength, but of 
adequate toughness after having been 
stress relieved 

Since toughness is a most important 


it was considered desirable to lo- 


concentration 


deposits 


post 


consideration, it was decided to test the 
vessels at temperatures as low as the 
ductility-transition temperature 
tained by Kinzel tests of welded speci- 
This temperature was found to 
12 to —50° F 
and, aceordingly, 
This tem- 


ob- 


mens, 
range trom 
welded condition 

50° F was set as a target. 


in the as- 


perature was also desirable because it 
could be obtained through the use of 
caleium-chloride brine and dry ice, rela- 


tively cheap refrigerants. The specific 


gravity of the brine had to be main- 
tained very accurately at 1.29%. For 
each test more than ten thousand 
pounds of calcium-chloride salt were 
needed to obtain this salinity in the 
liquid in the system, and more than 
eleven thousand pounds of dry ice were 
necessary to cool the liquid. A general 
view of the cooling tank is shown in Fig. 
7. The brine, after cooling, was circu- 
lated through the vessel by means of the 
centrifugal pump shown in Fig. 38. 
The temperature of the shell of the ves- 
sel was measured by means of four 
thermocouples welded to the heads. 

When these thermocouples indicated 
essential uniformity of temperature at 
the outside surface, and the tempera- 
ture of the returning brine was about 
—50° F, the circulating pump was 
stopped and the vessel connected to the 
pressure pump. The were 
recorded at the instrument console as 
shown in Fig. 9. Both indicating and 
recording gages were used, 

All spectators were seated in the 
grandstand at a distance of 200 ft. from 
the test vessel. Among the spectators 
were representatives of the ASME 
Boiler Code Committee, the Pressure 
Vessel Research Committee, 
agencies of the Federal Government, as 
well as many other interested engineers 

For convenience, the two preliminary 
burst tests and the two final burst tests 
will be discussed together, although the 
vessels were not tested in that order, 
The final tests two months later were 
repetitions of the preliminary tests so 
that duplicate data are available for 
each test condition, 


Burst Test of Vessel No. P1 
(Preliminary) 


The vessel on the burst-test stand as 


pressures 


Various 


shown in Fig. 10 is down to tempera- 
ture and covered with frost. The men 
have removed the circulating piping and 
are securing the pressure piping. Sev- 
eral girth measuring tapes can be seen 
These were held by clamping devices so 
arranged that the tape slipped as the 
vessel expanded. The amount of ex- 
pansion could be read at intervals. The 
burst is shown in Fig. 11. Failure oc- 
curred in the shell at the junction with 
the side of the nozzle. The shell was 
trying to expand and the rigid nozzle 
was trying to prevent it from doing so, 
concentrating the strain in the welded 
joint. When that joint reached the 
limit of its capacity to adjust, failure 


occurred, The flap shown in Fig. 12 
opened, and the reaction threw the 


vessel off the stand The fracture was a 
perfect 45-degree shear with no evidence 
of cleavage fracture. 

The complete data for this test are 
given in Fig. 13. The maximum girth 
and the length and location of the tear 
are shown on the sketch. The mechani- 
cal properties of the two shell plates, 
which in this particular instance happen 
to be from the same slab, are also given. 

It will be noted this vessel failed at an 
internal pressure of 2740 psi, which re- 
sulted in a nominal membrane stress of 
131,600 psi. In other words, the joint 
at the side of the nozzle adjusted and 
redistributed the strain so well that the 
vessel was able to take a nominal mem- 
brane stress of about 11,000 psi in ex- 
cess of the strength of the plate as de- 
termined by coupon testing. The maxi- 
mum stress based on the final dimen- 
sions of the vessel was 135,000 psi 

The number of strokes of the pump 
were recorded by a counter at the in- 
strument console. The volume pet 
stroke was known from the dimensions 
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Fig. 15 Burst test data for vessel No. | Fig. 16 Pressure-volume curve for burst test of vessel No. | 
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of the pump. The number of double 
strokes plotted against pressure is shown 
in Fig. 14. It noted that the 
vessel behaved elastically 
2000 


membrane 


will be 
up to a pres 
sure of psi, corresponding to a 
96,000 psi. This 


stress is about 6000 psi greater than the 


stress ol 
minimum yield strength and about 
17,000 pi less than the actual eld 
strength of the plates as given in Fig. 13 
From then on the vessel was expanding 
ented 


plastically. On oceasion, dirt pres 


the valves of the pressure pump from 
seating properly; also some leakage at 
the gaskets occurred so that the volume 
measurements probably are somewhat 
However, it that 


the curve shown depicts fairly well the 


in error, is believed 


pressure-volume conditions 
Integrating the total area under the 


are shown in Fig. 15. It will be seen 


that failure in this instance occurred 
at the small nozzle. It is possible that 
the stress concentration at the small 
nozzle was less than that at the large 
but it is believed that the failure at 
the latter is explained by the fact that 
plate B was more than 11,000 psi 
stronger than plate A. The nominal 


stress at failure was 136,800 psi, about 
15,000 Ib more than was obtained from 
Again the 


coupon tests of the plate 
tent the ductile 


shear fracture 


exhibited 15-degree 

Che pressure-volume curve is shown 
in Fig. 16 
ind that shown in Fig, 14 is ap 


The similarity between this 


curve 
parent, but the total energy absorbed 
by vessel No. 1 was slightly less than 
that by vessel No. Pl. The energy 


was found to be 3700 


The nominal mem- 
brane stress was about 5000 psi greater 
than the strength of the plate as de- 
termined by coupon tests 

Trouble was encountered in the fune- 
tioning of the pump during this test 
and the data for the elastie portion of 
the curve are not trustworthy, but the 
data for the plastic portion are believed 
to be 
assume that the elastic portion of the 
projected back to the 


in prey CHSCs 


weurate. It seems reasonable to 


curve can be 
origin with the same slope as those of the 
other elastic curves, 
shown in Fig. IS. The curve is marked 
assumed’ but it probably represents 
the true condition fairly well, Again, 
the fracture was the perfect 45-degree- 
The energy absorbed per 
found to be about 


This was done, as 


shear 
inch of 
3530 ft-lb 


t\ pe 


tear Was 


curve will give the total energy absorbed per inch of tear 


by the vessel 
When failure 

that the load falls off in a straight line 

parallel to the elastic 


ft-lb, slightly more than in the previous 


although the two vield strengths Burst Test of Vessel No. 3 


(Final) 
he 


occurs, it 1s assumed ense 
were practically equal. 
pressure-volume burst test data for vessel No, 3 


Results of Burst Test of Vessel 


curve, Integrating the area of the are given in Figs. 19 and 20. The type 
triangle thus formed will give the No. P3 (Preliminary) of failure occurring in this vessel was 
elastic-deformation energy which is re- The results of the test on vessel No different from that which obtained in 
leased when the vessel fails. It will P3 are shown in Figs. 17 and 18, This the others. In this vessel, the welded 
be seen in Fig. 14 that the elastic energy vessel was stress relieved It has been joint in plate A broke due to the fact 


thus released was somewhat less than pointed out that the highly alloyed that the weld metal was not quite able 
one-third of the plastic energy absorbed Ni-Mo-V weld metal necessary to de to develop 100° joint efficiency, De- 
by the vessel. The energy which was velop 100% joint efficiency is subject spite this fact, the membrane stress 


attained a value of 136,000 psi, about 
6000 psi more than the strength of the 
plate 


released caused the tear in the vessel to precipitation hardening by stress re 
lieving to such an extent that the tough 


ness of the deposited metal is virtually 


is divided by the length 
found that the 


is about 3370 


If the energy 
of the tear, it 
per inch of 


The energy absorbed, however, 
as Was the increase in girth, 
The failure was 45-degree shear in the 


will be 
destroved Accordingly, it Was neces was small 


to use an E9015 electrode of the 


energy, tear 


ft-lb. As will be seen later, this value 


sary 


was essentially constant in all cases in manganese-molybdenum — type This base metal, and was predominantly 
which the base metal was tearing. Had electrode deposits weld metal which shear in the weld metal. 
brittle failure occurred, the value of will not consistently develop 100% The energy absorbed per inch of tear 


in this vessel was about 2710 ft-lb due 
to the fact that a large percentage of the 


joint efficiency in the strong quenched 
In vessel No, P3 


energy per inch of fracture would have 


been much lower from that shown and tempered steel 


it will be seen, however, that full joint length of the tear was in weaker weld 
J 
Burst Test of Vessel No. 1 (Final) efficiency was developed and that frac metal It will also be noticed in Vig. 19 
The data for the test of vessel No. | ture occurred at the side of a nozzle as that the amount of energy absorbed 
T 
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Fig. 17 Burst test data for vessel No. P3 Fig. 18 Pressure-volume curve for burst test of vessel No. P3 
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Fig. 19 Burst test data for vessel No. 3 Fig. 20 Pressure-volume curve for burst test of vessel No. 3 
plastically was very small, since that was not permitted to expand to its ca- Drop-Impact Tests 
e weld broke before the plate had elon- pacity by the failure at the stress con- Considerable thought was expended in 
3 gated very much ; centration. determining the best kind of a test to 
burst of in Again it should be emphasized that demonstrate the safety of quenched and 
ig. <1, Was most spectacular. A large > > steel in a pres ‘esse The 
J ee these vessels withstood more pressure tempered steel in pressure vessel. The 
volume of liquid was thrown toward the burst test has been criticized in the case 
grandstand and stopped practically than they could have been expected to of structural carbon steels on the grounds 
at the feet of the spectators. A detail endure, and then failed in a perfectly that when the vessel finally burst, so 
of the fracture is show nin Fig. 22. ductile manner much ballooning and cold work had 
Ihe foregoing data for all the vessels 
are tabulated in Table 3 
It will be seen that the stress-relieved Table 3—Summary Data for Vessels Tested 
vessels performed in much the same 
-As-welded Stress relieved 
manner as did the as-welded so far as p P. 
bursting pressure and membrane stress 
os are concerned, From the standpoints Hydraulic pressure at failure, psi 2,740 2,850 2,690 2,850 
of energy absorbed and inerease in vol- Membrane stress, nominal, psi 131,600 136,800 $129,200 = 136,800 
ume, however, the as-welded vessels energy 1,332,500 623,000 341,500 
. . Vlastic energy release - 504, 6 6 353 , ( 2,5 
performed hetter than did their streas- las le energy released, ft-lb 394, OOO 6,0 3533 , OOO a1. » 500 
Energy per inch of tear, ft-lb 3,370 3,700 3,530 2,710 
Total energy absorbed, ft-lb 1,726,500 1,593,500 976,500 754,000 
Phe increase in girt Increase in volume, % 2.38 2.18 1.54 1.21 
‘ may appear small at first glance, but Maximum increase in diameter, % 2.66 3.26 1.63 82 
it should be pointed out that this in- 
crease in girth has not taxed the steel 
to its capacity to elongate. The mate- 
rial is capable of considerably more 
elongation than indicated above but 


with 
ELECTRODE 
j STRESS RELIEVED 


Burst of vessel No. 3 


Fig. 21 Fig.22 Failure in welded joint 
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taken place that the object that finally 
This 
contention is not so pertinent in the 


failed was not the original vess2l 


case of quenched and tempered mute 
rials because, as has been seen, only 
moderate ballooning takes place in the 
burst test. 
some extent as a performance test, but 


Fatigue has been used to 


it was not believed that fatigue testing 
would be suitable because, as was pointed 
out in a recent résumé by Dolan,‘ and 
also by Stout,* in most instances fatigue 
is not a real factor in the performance 
of a pressure vessel. Fatigue strength 
of weldments is much more sensitive to 
design than to material and, in addition, 
no correlation between fatigue strength 
and toughness has ever been established. 
Of course if a vessel is really subject to 
fatigue loading, then fatigue should be 
given consideration in the design 

Since toughness is one of the most 
important characteristics of the quenched 
and tempered steel, it appeared that a 
test that would show the toughness of 
the steel, that is, its ability to resist 
abuse under adverse conditions, would 
best demonstrate the safety of vessels 
constructed of this material. 

Toughness can be investigated by 
impact testing, or by bend testing, or 
by tension testing. Regardless of the 
method of loading selected large amounts 
of energy would be needed for the de- 
full-seale This 
gotten in a number of 
but obtaining it from 


struction of vessels 
energy can be 


different 
the impact of a falling weight seemed 


Ways 


most practical 

At least two different 
carrying out the drop-impact test are 
(a) A series of duplicate pres- 


methods of 


possible: 
sure vessels could he made, possibly 15 
or 20. These could be tested in tripli- 
cate for the determination of the transi- 
tion temperature of this design of ves- 
sel over a range of temperatures as is 
done with small specimens. Aside 
from the fact that the cost of such a 
procedure would be prohibitive, such 
testing could not have been carried out 
on vessels made of ‘‘T-1”’ steel because 
lower temperatures than are obtainable 
would be 


by calcium-chloride brine 


needed, Other refrigerants capable of 
providing lower temperatures would be 
flammable or altogether out of the 
question as regards cost (b) On the 
other hand, individual vessels could be 
tested at about the minimum atmos- 
pheric temperature and their resistance 
Drop- 


ping of a weight from increasing heights 


to increasing impact measured 


was selected as being the most suitable 
but will not enable one to determine the 
vhich 
the actual vessel will be safe to operate 


lowest possible temperature at 
Such a decision must still be made on 


the basis of small-scale laboratory 
experiments 

Velocity is not much of a factor in 
the drop tests. The maximum vel 
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——~ STAGING 
AT NET 
HEIGHT OF 
FT 


Fig. 23 General view of test tower, total 
ocity obtainable with a net drop of 122 
ft is but SS ft per second Welded 


specimens of this material have been 


subjected to explosion-bulge testing in 
which the velocity of the pressure wave 
is many thousands of feet per second; 
and the performance of the bulge speci- 
mens under such ballistic velocities was 
excellent 

The question might be asked 
is the relation between the amount of 


what 


energy absorbed by incremental drop- 


hed 


ping to that which would be a 
in a single drop capable of extending the 
material to its utmost? Considerable 
incremental drop testing has be ‘n done 
in the past by the writer and it has been 
found by integrating the areas under the 
elastic portions of the drop-defleetion 
curve and those under the plastic por 
tions, that the amount of energy ab 
sorbed elastically is very small and 
that the cumulative total energy of in 
cremental dropping is not far different 
from that which would have been ab- 
sorbed if it were possible to select that 
drop, which would just exhaust the ca 
pacity of the material. Another virtue 
of the incremental dropping is that the 
succeeding drops fall on material which 
has been cold worked by the previous 
impacts and provides information on 
the performance of the material afte: 
having been strained 

In the first preliminary test, the pres- 


sure in the vessel was permitted to fall 


height 149 ft 


as a result of the increase of the size of 
the vessel. Each succeeding drop was 
made with decreased pressure in the 
In the later tests this fall in 
pressure occurred but the vessels were 
repressurized after each drop. It was 
found that the amount of pressure in the 
vessels had no significant effect upon 
their performance, 

Special equipment was designed and 
fabricated by the Birmingham plant of 
the Chieago Bridge & Iron Co. to en- 
able this drop testing to be done. A 
general view of the test tower with 
stagings at various levels is shown in 
The data for the tower are 
The vessel rested 


Vessel 


Fig, 23 
given in Table 4 
upon rockers as shown in Fig, 24. A 
saddle was placed over the vessel to 
tuke the direct impact of the tup. The 
latter, made from an ingot, weighed 
26,700 |b 

Upon impact, the frost was shaken 
from the vessel, as shown in Fig, 25, 
The ingot rebounded, sometimes as 
much as 7 or 8 ft. Severe damage was 
inflicted on the saddle and on the foun- 
dations. In the course of the tests, 
three saddles of various designs were 
required 

The tup was released by a 20-ton 
toggle triphook such as is used in the 
skull crackers in steel mills, While men 
were working around the equipment, 
securely held by means of a 
through a yoke. 


the tup was 


sulety pin inserted 


Table 4—Data for Tower 


] Kinetic data 
Ki fi 
Vet fall energy 
122 3, 260,000 
101 2,700,000 
74 1,950,000 
52 1, 390, 000 
24 640,000 
2 Maximum height of towe1 
s. Capacity (line pull) of winch 
Distance between rockers 
5. Total weight of structural etee! 


In tower and rocker support 


In striking saddle 


Time of Velecity 
fall at impact, 
ft/sec 

2.40 BROS 
BOOS 
2.14 685 
1 80 580 
1.22 39.2 

14% ft 

O00 

14 ft 


24 5 tones 
5900 Ib 
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150-s 


TuP 


SADDLE~_ 


VESSEL 


UNDER 


ROCKER 


FROST 
SHAKEN 
OFF 


PRE SSURE 


Fig. 26 Damage inflicted by drops of 52 and 73 ft 


Internal after previous 
drop 

Vertical sag alter straightening 

Vertical indentation after straight- 
ening 

Ambient temp. at time of test 

Temp. of vessel at time of drop 

Pressure in vessel at time of drop 

Net fall of tup 

Energy of impact 

Velocity of impact 

Maximum hydraulic 
impact 

Character of fracture 

Vertical sag 

Vertical indentation 

Nominal stress (48 in 
'/y in. thick) 

Maximum outside diam 

Outside diam increase 

Maximum stress (max inside diam 
cale min thk and impact pressure ) 


pressure 


pressure at 


diam and 


Drop No.1 


64° F 

—30° F 

1560 psi 

52 ft 

1,390,000 {t-lb 
5S /see 


Not measured 
None 

Not measured 
in. 


74,900 psi 
Lin 
4 or 
2.04% 


Drop No. 2 


1070 psi 
Not measured 


Not measured 
62° F 

—34° F 

1070 psi 

73 ft 

1,050,000 ft-lb 
68 5 it /see 


Not measured 
None 

Not measured 
in. 


51,300 psi 
5O 8 in. 
4 46% 


Table 5—Drop-impact Test Data for Vessel No. P2 (Preliminary), Welded with 
E12015 Electrodes, Not Stress Relieved 


Drop No. 3 


780 psi 
Not measured 


Not measured 
60° F 


2,700,000 ft-lb 
SO 5 ft/sec 


Not measured 
15° shear 
Failure 
Failure 


37,400 psi 
51.5 in. 
4.899 


460-8 
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VESSEL NO P2 
(PRELIMINARY) 
MOENTAT ION 


LJ VERTICAL SAG 
TENSILENOG 120 LLECTROOES WOT ST HE 


Fig. 27 Measurement of vertical sag 
and indentation 


This safety pin was withdrawn 10 
seconds before the tup was dropped 

In one preliminary test, darkness set 
in before the dropping was completed 
In the darkness, it was possible to see 
sparks generated by the friction of the 
tup falling in the guides. Flame was 
also seen when the ingot struck the 
saddle. 

As the drop testing progressed, inden- 
tation was forced into the vessel, as can 
be seen in Fig. 26 and a small amount 
of bending occurred, While it was 
fully understood from general principles 
of physies that thin-walled vessels, sub- 
jected to internal hydraulic pressure, 
would behave in a manner similar to 
that of a solid piece of steel, it was, never- 
theless, surprising to observe this thin- 
walled vessel resist bending so stoutly 

The pressure at impact was measured 
by means of a Pflader pressure cell 
mounted on the foundation and con- 
nected by a flexible hydraulic hose to the 
vessel. The bonded wire strain gage 
in this instrument transmitted impulses 
to a Brush recorder at the console. 

After a drop was made, the pressure 
was raised to 2000 psi and then per- 
mitted to drop to 1875 psi. This was 
done to assure the safety of the men 
working around the vessel. The appli- 
cation of pressure to a bent tube causes 
a straightening effect such as obtainsfin 
a Bourdon tube, and under the 2000-psi 
pressure the vessels did straighten al- 
most to their original shape. The ver- 
tical sag and vertical indentation were 
measured as shown in Fig. 27. 

The data for the performance of the 
four vessels are given in Tables 5 to &, 
inclusive. Inasmuch as the perform- 
ance of all vessels was very similar, the 
results of all can be discussed together 
It will be seen that all four vessels 
endured cumulative drops up to 73 ft, 
and that all failed as a result of the 101- 
ft drop. 

A typical failure in the drop test is 
shown in Fig. 28. The vessels broke 
completely apart as can be seen in Fig. 
29, and failure started at the bottom 
near the girth seam, since this was the 
point of maximum bending moment. 
Failure in all cases, both in the burst 
tests and in the drop tests, started nea: 
the toe of the weld and moved inward, 
and progressed at a 45-degree angle 
away from the weld, as shown in the 
insert sketch, Fig. 29. 

Once the circulation of the cooling 
brine had been stopped and the vessels 
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— TRAN 
at Fig. 24 Arrangements at bottom of tower 
REBOUND 
OF 
Fig. 25 Typical impact 
| 
—31° F 
780 psi 
1O1 ft 


under the hot sun and the rise in tem- 
the the testing 
proceeded will be noted Whether the 
pressure in the vessel was allowed to fall 
P2, or whether 
‘pressurized as in the 
case of vessels Nos, 2, P4 and 4, 
the 
will be noted that the vertical indenta 
of vessel No. P2 
than 


perature of vessels as 


usin the case of vessel No 


the vessel was 


made 
no difference in performance. It 
tions in the cuse were 
considerably greater those ob 
taining in the subsequent vessels which 
were straightened after each drop. In 
the latter, the indented noneylindrica! 
section was forced out into a shape more 
closely approaching a cylinder 

The increase in diameter as a result 
of the drop testing was remarkably con- 
stant. The transient 
pact ranged from 50 to 90% 


pressures at im 
greate! 
than the static pressures, and the tran 
sient stresses reached values as high as 
187,000 psi. It is 
that 
sient stresses twice before failure 


interesting to 


high tran- 
Ves- 
sel No, P2 was given a preliminary drop 
of 24 ft to try out the testing arrange- 
ments. Accordingly, the data for drop 
No. | are, in reality, the data for a second 
drop. It will be noted that this pre- 
liminary test caused the pressure in the 
vessel to fall from 1875 psi to 1560 
Again it will be 
ances of the stress-relieved vessels were 


these vessels endured 


seen that perform- 
very similar to those of the as-welded 
Certainly no benefit attrib- 
uted to stress relief 


could be 


Significance 


As was stated earlier, the overall con- 
clusion as to whether or not ““T-1” steel 
is suitable for the construction of pres- 
sure vessels will be decided by the ASME 
Boiler Code and other agencies govern- 
ing the design and construction of pres- 
In this paper no conclu- 
sions, as such, will be drawn, but the 


sure vessels. 


significance of the various aspects of 
the tests will be pointed out in detail 


1. Strength 
The four 
exhibited static strengths considerably 


vessels tested by 


bursting 
in excess of tensile values found by cou 
pon testing of the plates. Three of the 
four vessels tested by drop impact were 
subjected to static membrane stresses 
equal to the published yield strength of 
the material and, in addition, twice en 
dured transient ranging from 
30 to 80% greater than the published 
ultimate strength of the plates All of 
these strength values were obtained wit! 


stresses 


the steel at a Jow temperature and in thr 
concentrations of stress 
It would seem, that from th 


standpoint of strength, the quenched 


presence of 


therefore 


and tempered plates were capable of 


giving an excellent account of them 


selves in pressure vessels 
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ealed off, a gradual warming took place 


DAMAGE -—— 


TO 
SADDLE 


DAMAGE 
TO 


FOUNDATION 
Typical failure by drop of 101 ft 


Fig. 28 


Table 6—Drop-Impact Test Data for Vessel No. 2 (Final), Welded with E12015 
Electrodes, Not Stress Relieved 


Internal 
drop 


pressure 


alter 


Viou 


Vertical sag after straightening 
Vertical indentation after straight 


ening 


Ambient temp. at time of test 


Temp. of vessel at time of drop 


> 
Pressure in 


Net fall of tup 


energy of Impact 
Velocity of impact 
hydraulic 


Maximum 
impact 


Character of fracture 


Vertical sag 


Vertical indentation 


Nominal 
in. thick) 


stress 


Maximum outside diam 


Outside diam increase 


Maximum stress (max 


inside 


vessel at time of drop 


pPresstire it 


and 


diam 


cale min thk and impact pressure 


Drop Vo. ] 


04° | 

1875 psi 
92 ft 


1300,000) ft-lb 
DS ft/sec 


2800 psi 
Nom 


00,000 psi 
2 in 


2.45% 


139,000 psi 


Drop No. 2 
1230 pai 
Not measured 


Not measured 


26° | 
psi 
ft 


1,050,000 ft-lb 


5200) post 
None 
in 


80,400 psi 
51.5 in 


6% 


150.000 pal 


Drop Vo. 3 


pat 
Not measured 


Not measured 
we? 

22° 
[S75 psi 
1OL ft 
2,700,000 ft-lh 
SO. 5 


3300 psi 
15° shear 
Failure 
Failure 


90,000 pat 
51.6 in 


5. 20% 


173,000 psi 


Table 7—Drop-Impact Test Data for Vessel No. P4 (Preliminary), Welded with 
E9015 Electrodes, Stress Relieved 


Internal 
drop 


pre 


alter 


previotis 


Vertical sag after straights 


Vertical indentation after straight 


ening 


Ambient temp. at time of test 


Temp. of ve 
Pressure in 
Net fall of tup 
Velocity 
Maximum 


impact 


Character of fraeture 


Vertical sag 


Vertical indentation 


Nominal 


in, thick 


“tress 


Maximum outside diam 
Outside diam increase 


ol impact 
of impact 
hydraulic 


ili 


pressure 


sel at time of drop 
vessel at time of drop 


it 


Maximum stress (max inside diam 
cale min thk and impact pressure 


Drop Vo. 


| 

4° | 
1 S80 i 
it 


1,690,000 ft-lb 


2010 pos 

0,500 pet 
2 in 


24%, 


147,000 pai 


Drop No. 2 


in 
| 
28° | 
ISSO pei 
ft 
1,050,000 ft-lb 


vot measured 


Nom 


REY 


Drop No. 8 


1030 pei 
in 


1820 pow 

ft 
2,700,000 ft-lly 
80.5 ft/sec 


Not mensured 
15° shear 
Failure 
bailure 


87,400 psi 
51 6 in 
5 


Ire 


Bibhe r 


Sieels for Pressure 


in pressure cell connection 


Ves 


gel 


& 
— 
LLL LLL 
all 
in, 
03° 
22° 
DS ft OS OTL/ see 
in 


Table 8—Drop-impact Test Data for Vessel No. 4 (Final), Welded with E9015 
Electrodes, Stress Relieved 


Drop No.1 


Internal pressure after previous 


Drop No. 2 Drop No. 3 


drop 1320 pel 1060 prt 
Vertical sag after straightening in 3'/¢ in, 
Vertical indentation after straight- 

ening ‘yom 
Ambient temp. at time of test 100° 102° 
Temp. of vessel at time of drop ~41° — 35° 30° F 
Vressure in vessel at time of drop poet pos psi 
Net fall of tup 52 ft 74 ft 1O1 ft 
nergy of impact 1,390,000 ft-lb 1,950,000 ft-lb 2,700,000 ft-lb 
Velocity of 5S 685 ft/sec ft/sec 
Maximum hydraulie pressure at 

Not measured 4200 psi 3500 psi 
Character of fracture None None ° 
Vertical sag I! in Failure 
Vertical indentation in in Failure 


Nominal stress (48 in. diam and 
in. thiek 


Maximum stress (max inside diam 
cale min thk and impact pressure ) 


00,500. psi 
Maximum outside diam OD in 
Outside diam increase 2 85% 


8,300 pei 00,700 psi 
51.3 in 51.7 in 
1 48% 5.30% 


167,000 psi 187,000 psi 


* 45° shear in base metal, predominantly shear in weld metal 


2. Duetility 

The usual shop operations of rolling, 
pressing, flanging and dishing were per- 
formed satisfactorily, showing that the 
inaterial possesses adequate ductility 
to enable pressure vessels to be fabri- 
cated, 

The amount of ballooning exhibited 
by the vessels in the burst test was 
smaller than that which would have 
heen expected from the elongations ob- 
tained from streamlined tension speci- 
mens, 

The amount of indentation endured 
by the vessels in the drop tests was more 
than any engineering structure could 
be expected to endure, and failure, when 
it finally occurred, came at the point of 
maximum bending moment at the bot- 
tom and not at the point of impact 
where damage was becoming increas- 
ingly severe, and not at the nozzles 
where concentrations of stress obtained. 

Since neither the burst test nor the 
drop test exhausted the capacity of the 
steel to elongate, and since both types 
of tests subjected the vessels to abuse 
more severe than could ever be permitted 
in service, it would seem that the due- 


tility of the quenched and tempered plate 
was adequate for pressure vessel opera- 
tion, 


3. Toughness 

In all cases failure was characterized 
by 45-degree shear fractures indicating 
that ductile failure was occurring at the 
lowest temperatures involved in the 
testing, that is, the material possessed 
sufficient ductility under adverse con- 
ditions of stress concentration and low 
temperature to permit the minute ad- 
justments necessary to bring about 
ductile failure. These failures all oc- 
curred at extremely high stress levels. 
Despite the fact that the ductility- 
transition temperatures obtained from 
Charpy impact tests of fabricated plate 
are very low, it is believed advisable to 
limit the application of ‘“T-1'’ quenched 
and tempered constructional alloy steel 
to vessels operating at temperatures no 
lower than the lowest obtaining in at- 
mosphere anywhere on the globe. This 
conservative limitation takes into con- 
sideration the impairment to toughness 
brought about by welding and other shop 
fabrication operations 


DUCTILE = 
SHEAR 


FRACT 
— 
BY a 
SADDLE Vi SSE/ Ay 


WELOED with 


ELECTRODE 
NOT STRESS RELIEVED 


Fig. 29 Ultimate damage to vessel 


FRACTURE 
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4. Stress Relieving 

There was no significant difference be- 
tween the performance of the vessels 
tested in the as-welded condition even 
though they contained residual stresses 
on the order of 80,000 psi, and the ves- 
sels tested after having been stress re- 
lieved confirming the belief that if a 
material is tough at the operating tem- 
perature, stress relieving —or more prop- 
erly, restoration of toughness —is not 
Necessary 
5. Uniformity 

Plates from 14 slabs from the same 
heat were used in the construction of 
these vessels. The remarkable uni- 
formity of mechanical properties as de- 
termined by coupon testing and as 
demonstrated in tests of the full-scale 
vessels demonstrates the uniformity pos 
sible with quenched and tempered plate 


6. Yield-Tensile Ratio 

The yield-tensile ratios of the plates 
used in the construction of these ves- 
sels were extremely high, in some cases 
as high as 97%. The remarkable per- 
formance of these vessels in “Operation 
T-1’ demonstrates that a high yield-to- 
tensile ratio is satisfactory. 

7. Working Stress 

The strength exhibited by the four 
vessels tested by bursting, and the ca- 
pacity of the four vessels tested by im- 
pact to endure extremely high transient 
stresses, are considered ample evidence 
that vessels made of this quenched and 
tempered plate would be capable of 
operating at very high working stresses, 
much higher than have ever been used 
heretofore. 

8. Fatigue 

Fatigue data for “T-1’’ steel in the 
elastic range and in the plastic range 
are presented in References 1, 5 and 6 
Any discussion of the suitability of a 
steel for pressure vessel construction 
cannot ignore fatigue. In using such 
fatigue data, the first datum which must 
be established is the anticipated number 
of eycles of stress which will oceur 
throughout the life of the vessel and the 
stress level. If the expected number of 
cycles is low, then it does not seem logi- 
cal to penalize the vessel by imposing 
on it fatigue restrictions which are not 
applicable. 

If it is decided that fatigue really is a 
factor in the operation of the vessel, 
then it would seem logical to attack 
fatigue at its most vulnerable point 
namely, the local peak stresses. In- 
stead of imposing on all the material in 
the vessel limitations which are neces- 
sary only in small localized areas, it 
would seem better to refine the design 
in these areas, and thereby enable 
greater membrane stresses to be used 


Supplementary Test 
The vessels as originally designed con- 
tained forged, streamlined nozzles in- 


WELDING RESEARCH SUPPLEMENT 


| 
FRACTURE 
| 


20-1" OVERALL LENGTH 


NECK 


MACHINING OF NECK 
SHOWN IN SECTION A-A 


CUT FROM ROLLED P 
OVAL 30°x 305 x 


ALL PLATES, STUDS, NUTS AND FORGINGS 


WEIGHT OF VESSEL 6500 LBS 
Fig. 30 Design of vessel No. 5 for supplementary burst test 


serted into the shell and butt welded as 
shown in Fig. 6. This type of construc- 
tion was used to minimize the concen- 
trations of stress at the nozzles as much 
Since the Boiler Code per- 
mits the use of built-up fillet-welded 
nozzles, it was decided that an additional! 
test should be conducted to ascertain 


iis yssible. 


the performance of such nozzles in a 
vessel made of this alloy constructional 
steel. 

One half of vessel No. P3 and a hall 
of vessel No. Pl were harmed but little 
by the original burst testing, and these 
halves 
make a ninth vessel which was desig 
nated as No. 5 this 
supplementary test nozzles were of par 
ticular concern, it was decided to have 


two were welded together to 


vesse| Since in 


the same type ol nozzle on each hall 
half 


joining) and not stress relieve the othe: 


and to stress relieve one hefore 
The weld between the two halves was 
made with an £12015 electrode 

Two of the original large forged noz 
turned and 
into the vessel and doublers and 


zies were down inserted 
then 
complete penetration welds were made 
The details of the design are shown in 
Fig. 30. The test thus deter 


mine the merits of the built-up nozzle 


would 


versus the forged nozzle, and the rela- 
tive performance of a 
built-up nozzle 
relieved one 
The test was conducted at the Bir 
mingham plant of the Chicago Bridge & 


stress-relieved 


versus an unstress 
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TURN DOWN 


LATE 
THK 


16'-0" TANGENT 


WELDED WITH 
E12015 
ELECTRODES 


OUTSIDE 
LENGTH 


HEADS* 


| 
a 
° 
CUT FROM UNDAMAGED END OF cut Fron UNDAMAGED END OF 
VESSEL - P3 gp VESSEL Pi 
STRESS RELIEVED _ AS WELDED 
° 7 
ao 
, 2 | 
“Pie | 
SS 
& 
‘ 30° 
MANHOLE -TO- SHELL MANHOLE -TO- SHELL 
SEAM AT D SEAM AT ¢ 
7 
45 [an | AND WELD 
SHELL & i HEAD } 
30° 


MADE OF USS "T-I" 


[ron on April a, 1055 The 


equipment and testing technique as wa 


used previously was employed. The 
results of the test are shown in Fig. 3! 


The vessel] failed in the welded joint in 
exactly the same manner as did vesse! 
No. 3. The hydraulic pressure was - 
about SO psi greater and the membrane 


stress was about 3800 psi more. The 
increase in volume was less. 

The pressure-volume relationship 
32. It will be seen that 


behaved elastically up to a 


shown in Fig 
the ves 


hydraulic stress of 2575 psi, nearly SOO 


psi more than during the previous test 
This corresponds to a membrane stress 
of 123,500 
32 is superimposed on the former curve 
in Fig. 18, it will be noted that 
No. 5 vielded at about the intersection 
of the straight line in Fig. 32 with the 


If the curve shown in Fig 


plastic portion of the curve in Fig. IS 
In other words, the cold working in the 
previous test had raised the yield point 
of the steel in accordance with the rela 
tionship shown in Fig. 1S 

Very little 
plastic deformation, but fracture; when 


energy Wie absorbed ii 
was still in the characteristic 


The cold 
had not impaired the toughness to a de 


it occurred 


15-degree-shear mode vork 
gree sufficient to cause brittle fracture 
under the temperature and notch con 
ditions This 
was most interesting, in that the halves 


of the original vessels had been severely 


prevailing performance 


strained and had then been permitted to 


ure Ve el 


Slee for Pre 


TYPICAL HEAD 
AND 


TO- SHELL, GIRTH 
LONGITUDINAL SEAMS 


we for nearly a vear, and yet gave no 
evidence of brittle failure 

Prior to testing, all four drain plugs 
into the volume between the doublers 
ind the shell plate were removed, Dur- 
ing the testing no leakage occurred at 
those points, showing that no failure at 


Neither 


the inside weld had oceurred, 


the as-welded built-up nozzle nor the 
stress-relieved nozzle showed any signs 
of distres After the test was com- 
pleted, the nozzles were removed from 
the vessels and magnetic-particle tested 
inside and out. No failure was found 
in the base metal, and only one slight 


crack was found in the weld 
welded nozzle. It is probable 
the nozzles would have endured 
more load had not the weak 

the stress-relieved weld, 


transverse 
of the i 
that 
considerabl 
link, namel 
us static tension is con 


failed. So tas 
erned, therefore, it would appear that 


the built-up nozzles were amply able 


to endure high working stresses ina 
ssel built of “T-1” steel. 

Avain, the relative performance of the 
is-welded half versus that of the stress 
relieved half definitely showed no su 
periority for the latter. In fact, 1 
would appear very doubtful that the 
tre relieving really accomplished 


much, inasmuch as the vield strength of 
the stress-relieved half was apparently 
little, if at all, by this 
thermal! treatment 

It is believed that the supplementary 
test of vessel No. 5 is an interesting con- 


diminished very 


1i3-s 


| 
\ 
| 
| = 


BURST TEST 


TEAR 
TEAR 
A aT 6 
sont | LENGTH OF TEAR = 15645) 


ORIGINAL GIRTH 


CUT FROM VESSEL P3 CUT FROM VESSEL Pi 
WELDED WITH E-9015 ELECTRODES WELDED WITH E~-i2015 ELECTRODES 


STRESS RELIEVED NOT STRESS RELIEVED 
CHARPY 
PL ATEIT ULT. ELAS. JELONGRLONG 
NO. TIN. 2% STR. |RATIOL IN 2° 1 IN 6” 7 * Ant 
psi | % | % 


A 94.9 | 25.6] 10.7 1499 |34-30-34-235 | 202 
P 93.6 | 263 | 10.6 | 510 [33-35-34)-225 | 264) 
926 | 270] 11.7 | 524 [30-30-30]-205 | 277 


AMBIENT TEMP AT TIME OF TEST 60°F 
TEMP OF VESSEL AT START OF TEST 47°F 
TEMP OF VESSEL AT FAILURE -45°F 
BURSTING PRESSURE 2770 Psi 
INCREASE IN VOLUME 1@) GAL 
CHARACTER OF FRACTURE 100% 49 DEG SHEAR 


TIME REQUIRED FOR BURSTING SO MIN. 
NOMINAL STRESS (46°DIAM & THICK) 133,000 Psi 
MAXIMUM OUTSIDE DIAM 50.0 IN INCREASE L2) % 


MAXIMUM STRESS (MAX INSIDE DIAM & MIN. THICKNESS) 138,600 PSI 
MAXIMUM (INCREASE IN GIRTH 1-344 IN. 


AVG. OF LONG & TRANS. VALVES 


DUCTILITY TRANS. TEMPS. AT i2-14 FT-LB 


Fig. 31 Burst-test data for Vessel No. 5 


tribution to our knowledge of the be- . Sout, RD 


Meaning and Measurement of Transition Tem- 


T T T 
w 938 PSI 1875 PSI | 
x PRESSURE PRESSURE 
ANO AND 
NOMINAL NOMINAL 
| stress of YieLo a 
rw | 45,000 PSI STRENGTH 
oF 
PLATES PLATES 
z 
4 
4 TOTAL 
| ENERGY 
ABSORBED 
> |? * 622,500 FT L8 
x0 ENERGY 
z - RELEASED 
ELASTICALLY = 
5 BURST AT 
2770 
+ 
4 + 
3 YIELO AT 
oh 2575 PSI 
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INTERNAL HYDRAULIC PRESSURE — PS! 


Fig.32 Pressure-volume curve for burst test of vessel No. 5 
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FACTS ABOUT THE WELDING RESEARCH COUNCIL 


¢ The Council operates on annual subseriptions, has 
no capital and makes no profit 

¢ More than 600 leading scientists and engineers are 
affiliated with the work of the Council 

¢ Some 30 laboratories in this country and Canada 
participate in the research programs 

¢ Total value of the work cleared through the various 
publications of the Council amounts to more than one 
million dollars a year 

* Total cash budget of the Council is well over one-third 
of a million dollars 

¢ Exchanges reports with the British Welding Research 


\ssociation 


* REGULAR PUBLICATIONS: Welding Research 
Supplement. This publication is printed monthly and 
includes practically all the completed reports of the 
various project committees of the Council and affiliated 


research work, 


164-s Bibber—Steels for Pressure Vessels 


Reports of Progress. A mimeographed Progress Reports 
Series issued monthly contains reports of progress on 
uncompleted researches, proposed programs of research, 
translations of important articles and other pertinent 
information helpful to research worker and Subscriber 
Welding Research News. ‘This is a bi-monthly printed 
four-page news letter containing condensed interpreta- 
tive summations of results of completed researches 
Bulletins. These Bulletins are published at irregular 
intervals and contain important papers presented be- 
fore engineering societies, and other important papers 
which are not published in the Welding Research 
Supplement. 

Welding Research Abroad. 
aimed at keeping Americans informed of the latest 


A quarterly publication 


research developments abroad and the activities of the 
International Institute of Welding. 

¢ For further information address: W. Spraragen, 
Director, Welding Research Council, 29 W. 39th St., 
New York 18, N. Y. 
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Jackson’s fully insulated, safe arc welding 
electrode holders have been made since 1934. 
More than 2!%4 millions have been sold. 


Progress, through constant research, resulted 


: in the best alloys for the tongs, the most durable 
4 fiber glass plastic for the insulation. 


Model A-W, shown here, the world’s most 
popular, exemplifies the high standards of quality 
maintained by Jackson Products. 
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AIRCO 800 TORCH DOES THEM ALL 


Airco’s high gas flow capacity and precision-drilled 

mixer provide the smooth constant supply of well mixed 

gas and steady flame that makes for top performance on 

all jobs, regardless of size. 

Over 30 types of tips — each instantly interchangeable 
from size O single flame up to size 15 multiflame are 


Airco 800 is the most useful torch you can buy. With 
one Airco 800 Torch and a suitable selection of tips you 
can perform brazing, welding and heating jobs better 
than with any other single torch. You can: 

* weld cast iron and steel ranging from thin sheet up to 
the heaviest thicknesses 
braze weld steel and cast iron available. You can get either long or bulbous flame 
silver braze both ferrous and nonferrous metals Separable tips may be used with a Universal or Jet mixer 
preheat heavy castings and plate Cutting attachments will enable you to cut up to 8” 
straighten and bend steel plates plate. Catalog #818 tells all about the Airco 800 Torch, 
flame descale and dehydrate the light and medium Airco 700 Torch, and Airco’s 
hard-face complete line of welding and cutting torches, tips and 
flame harden accessories. Contact your nearest Airco office or author- 
cut steel to 8” in thickness ized Airco dealer; ask for your free copy 


Divisions of Air Reduction Company, 
Incorporated, with offices and 
dealers in most principal cities 


Air Reduction Pacific Company 


Represented internationally by 
Airco Company international 


60 East 42nd Street e New York 17, N. Y. 


Foreien Subsidiaries 
Air Reduction Canada Limited 
Cuban Air Products Corporation 


Products of the divisions of Air Reduction Company, Incorporated, include. AIRCO — industriol gases, welding and cutting equipment, and acetylenic chemicals * PURECO - 


carbon dioxide, liquid-solid (‘ORY-ICE"'} * OHIO — medical gases and hospital equipment * NATIONAL CARBIDE — pipeline acetylene and calcium carbide 
COLTON — polyviny! acetates, alcohols, and other synthetic resins 
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